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PREFACE 


The  work  described  in  this  report  was  performed  by  the  Parts  Evaluation  Laboratory 
section  of  the  McDonnell  Douglas  Astronautics  Company-St.  Louis  (MDAC-St.  Louis) 
Engineering  Reliability  Department  during  the  period  between  June  1976  and  fJovember 
1978.  This  work  was  performed  for  the  USAF  Rome  Air  Development  Center  under 
Contract  Number  F30602-76-C-0335.  The  work  conducted  was  directed  by  Captain  Donald 
T.  McCullough  of  RADC. 

Significant  technical  contributions  were  made  by  Messrs.  Gordon  Johnson,  Gary 
Keller,  Michael  Roberts,  and  Edward  Sisul  of  tSe  MDAC-St.  Louis  Engineering  Reliability 
Department. 
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EVALUATION 


This  effort  was  designed  to  evaluate  the  reliability  of  a cross  section 
of  the  CMOS  family  of  digital  Integrated  circuits  as  procured  to  the  require- 
ments of  MIL-STO-383.  The  high  temperature  (250“C)  lot  acceptance  test 
(Method  5005.3)  specified  In  that  standard  was  also  evaluated. 

During  the  course  of  the  study,  a failure  mechanism  Involving  dendritic 
metal  growth  along  the  glass  seal  of  one  of  the  package  types  was  found.  The 
CMOS  devices  showed  considerable  lot  to  lot  variation.  No  way  was  found  by 
the  contractor  to  predict  the  poor  reliability  behavior  of  some  lots  prior 
to  the  life  test.  No  correlation  was  found  between  specific  failure  modes 
and  the  apparent  activation  energies.  Surface  mechanisms  accounted  for  74% 
of  the  failures  however. 

RADC  is  continuing  the  research  on  accelerated  testing  techniques  to 
Isolate  possible  test  Induced  failures  and  to  look  for  other  accelerating 
factors  such  as  applied  voltage.  The  CMOS  devices  In  this  effort  were 
operated  at  their  maximum  rated  voltages.  However,  in  actual  use  conditions, 
they  are  normally  operated  well  below  their  maximum  voltage  ratings.  The 
field  failure  rate  data  are  much  better  than  the  results  of  this  tost  would 
lead  one  to  expect. 

The  contractor  concluded  that  the  high  temperature  Lot  Acceptance  Test 
specified  In  MIL-STD-883,  Method  5005.3,  Is  approximately  50X  effective  as 
a method  of  screening  for  device  and  lot  reliability.  Since  that  offers  a 
no  better  than  random  chance  of  selecting  a good  lot,  the  contractor  states 
that  more  Information  is  needed  for  a lot  acceptance  test. 
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The  principal  failure  mode  was  excess  drain  to  source  leakage  current. 
The  secondary  failure  mode  concerns  the  glass  seals  that  many  different 
manufacturers  use  In  their  packages.  This  type  package  often  failed  due 
to  hermeticity  loss  after  the  temperature  cycling  associated  with  life  tests. 
Pin-to-pin  shorts  occurred  due  to  metal  dentrltic  formations  In  the  glass. 

The  contractor  concluded  that  lead  was  precipitating  out  of  the  glass 
following  reduction  of  the  lead  oxide  constituent. 

This  contract  achieved  Its  goals,  but  Introduced  some  serious  questions 
about  the  accelerated  test  as  a predictor  of  technology  reliability.  CMOS 
devices  do  seem  to  have  a slightly  lower  reliability  than  bipolar  devices 
for  small  scale  Integrated  circuits.  There  Is  no  solid  evidence  that  this 
Is  true  for  LSI  however. 

DONALD  T.  McCullough,  capt,  usaf 
Project  Engineer 


1.0  INTRODUCTION 


The  CMOS  technology,  due  to  its  Inherent  low  power  dissipation  and  high 
noise  immunity,  offers  mar\y  benefits  to  military  electronic  systems  in  terms 
of  reduced  size,  weiyht,  and  power  consumption.  However,  previous  life  tests 
of  a single  CMOS  device  type  conducted  at  iCAC-St.  Louis  and  funded  by  RAOC 
and  NASA-MSFC  have  shown  the  failure  rates  due  to  surface  effects  of  the  CMOS 
devices  were  several  orders  of  magnitude  greater  than  that  of  bipolar  digital 
devices.  These  life  tests  were  limited  to  a single  CMOS  device. 

The  objective  of  this  program  was  to  evaluate  the  reliability  of  a 
cross-section  of  the  CMOS  family  of  digital  microcircuits.  Included  in  the 
evaluation  were:  a)  device  electrical  characterizations,  b)  analyses  of 

device  physical  characteristics,  c)  determinations  of  device  theniial  character- 
istics, d)  high  temperature  accelerated  test  studies  of  device  aging  character- 
istics, e)  high  temperature  (250®C)  Lot  Acceptance  Test  Studies,  and  f) 
MIL-STD-883,  12S®C  Life  Test.  Results  of  the  evaluations  provided  infonnation 
related  to  the  following; 

a)  The  acceptability  of  CMOS  devices  for  MIL-M-38510  Class  S applications 

b)  Failure  mechanisms  at  elevated  temperatures  and  125“C  use-tei.iperatures 

c)  Failure  distributions  at  accelerated  test  conditions. 

d)  Arrhenius  model  parameters  and  failure  rates. 

This  report  provides  a general  description  of  the  overall  program  and 
presents  the  results  of  tests  and  evaluations  perfon.ied  throughout  the  program. 
Also  included  in  this  report  are  the  results  of  failure  analyses  and  data 
evaluations  perfonaed  for  the  CMOS  microcircuits. 


2.0  PROGRAM  DESCRIPTION 

The  overall  CMOS  Life  Suitability  Evaluation  Program  is  depicted  in 
Figure  1.  A total  of  4 device  types  from  two  manufacturers  each  were  included 
in  the  program.  The  specific  CMOS  device  types  and  manufacturer  codes  are 
shown  in  Table  1.  A minimum  of  330  devices  of  each  manufacturer's  microcircuit 
type  were  procured  in  3 different  lots  (different  wafer  runs  and  different 
packaging  runs),  two  lots  of  130  devices  minimum  and  one  lot  of  70  devices 
minimum.  The  4001  and  4013  device  types  were  procured  to  the  electrical 
requirements  of  the  JEDEC  Specification  for  B Series  CMOS  (JEDEC  STD.  No.  11). 
The  4008  and  4017  device  types  were  procured  to  the  MIL-M-38510  electrical 
requirements.  All  device  types  were  procured  to  MIL-STO-883  Class  B,  or 
equivalent,  processing  requirements,  with  the  exception  of  the  burn-in  test 
which  was  not  performed.  Upon  receipt  at  MDAC-St.  Louis,  all  devices  were 
subjected  to  an  external  visual  examination,  and  electrical  tests.  The 
electrical  testing  consisted  of  MIL-M-38510  Group  A dc  tests  (or  similar  tests 
based  on  the  JEDEC  Specifications  as  applicable)  performed  at  ambients  of 
25°C,  -55°C  and  125“C.  Dynamic  testing  per  the  applicable  MIL-M-38510  Specifi- 
cation was  also  performed  on  a pass/fail  basis  for  all  Lot  C devices  intended 
for  the  250  hour,  250°C  Lot  Acceptance  Test.  However,  where  a high  percentage 
of  devices  did  not  meet  the  MIL-M-38510  parameter  limits,  the  end-point  limits 
were  adjusted,  as  required,  to  obtain  an  adequate  number  of  devices  for 
accelerated  life  testing. 

Subsequent  to  performing  the  initial  examinations  and  tests,  acceptable 
devices  were  allocated,  by  serial  number,  to  test  groups.  Device  allocation 
for  each  manufacturer's  device  type  is  as  shown  in  Table  2. 

A total  of  nine  devices  of  each  manufacturer's  device  types  were  allocated 
for  construction  analysis.  These  analyses  were  destructive  pl\ysical  analyses 
to  determine  construction  methods,  manufacturing  process  techniques  and 
workmanship  used  in  the  fabrication  of  devices.  Results  were  used  to  predict 
potential  reliability  problems,  to  detenitine  possible  accelerated  life  test 
limitations  due  to  materials  used  in  device  fabrication,  and  to  facilitate 
subsequent  failure  analyses. 
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FIGURE  1.  CrtOS  MICROCIRCUIT  TEST  PROGRAM 
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ALL  MICROCIRCUITS  SCREENED  TO  MIL-STD-883,  CLASS  8 MINUS  THE  BURN-IN 


TABLE  2.  DEVICE  ALLOCATION 


1 LOT  A 

Construction  Analysis  , 

Initial  Device  Studies 
Circuit  Evaluation  & 

I 3 

Thermal  Studies 

2 

Formal  Step  Stress  i 

1 10 

RADC  Evaluations 

5 

Lot  Acceptance  Test 

- 

MIL-STD-883  125“C  Life  Test 

20 

Accelerated  Life  Test  #1 

40 

Accelerated  Life  Test  #2 

40 

Control  Sample 

_ 

NO.  OF  DEVICES 


LOT  B 


LOT  C 


The  initial  device  studies,  performed  with  thirty-six  devices  of  each 
manufacturer's  device  type,  were  prerequisites  to  performing  the  accelerated 
life  tests.  These  studies  included  development  of  bias  circuits  for  acceler- 
ated life  tests,  step-stress  tests  and  thermal  resistance  measurements  for 
computing  device  junction  temperatures  at  anticipated  life  test  temperatures. 

The  high  temperature  tests  performed  with  240  devices  of  each  manufac- 
turer's device  type  consisted  of:  a 250  hour,  250*C  Lot  Acceptance  Test; 
a MIL-STD-883,  125®C,  4,000  hour  life  test,  and  two  4,000  hour  accelerated 
life  tests  at  ambient  temperatures  of  250®C  and  one  other  temperature  above 
200®C  (as  determined  froni  bias  circuit  evaluations).  The  data  from  these 
tests  provided  information  about  device  failure  mechanisms,  failure  distribu- 
tions, and  life  acceleration  factors.  The  Lot  Acceptance  Test  was  conducted 
for  250  hours.  The  long  tenn  life  tests  were  conducted  for  4,000  hours  or  65% 
failure,  whichever  occured  first.  Interim  electrical  tests  were  performed  on 
life  test  devices  after  cool-down  to  room  temperature  with  bias  applied.  These 
measurements  consisted  of  oc  electrical  tests  at  25®C  which  were  performed  at 
the  intervals  shown  in  Table  3.  Test  subgroups  are  defined  in  Appendix  B. 
Unless  otherwise  directed  by  the  Project  Engineer,  all  devices  that  failed  an 
Interim  Test  were  removed  from  the  life  test  and  subjected  to  failure  analysis. 
At  the  conclusion  of  each  life  test,  surviving  devices  were  suDjected  to  the 
same  set  of  dc  electrical  tests  perfoniied  prior  to  life  testing. 

A control  sample  of  each  manufacturer's  device  type  (five  4001B,  five 
4013B,  four  H38510/05401 , and  four  M38510/U5601 ) was  subjected  to  electrical 
testing  each  time  the  test  devices  were  subjected  to  Interim  or  Final  Electri- 
cal Tests.  The  purpose  of  the  control  sample  was  to  provide  a check  on  the 
long  tenn  stability  of  the  automated  test  equipment. 
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3.0  RESULTS  OF  PRE-LIFE  TESTS  AND  EVALUATIONS 


3.1  EXTERNAL  VISUAL  EXAMINATIONS  AND  HERMETICITY  TESTS 

Upon  receipt  at  MDAC-St,  Louis,  all  devices  were  examined  for  conformance 
to  purchase  order  requirements  for  device  type,  package  style,  lead  finish, 
and  marking.  Each  device  was  examined  at  3X  magnification  for  evidence  of 
gross  damage  to  package,  package  seals,  and  leads.  These  visual  examinations 
revealed  varying  degrees  of  shipping  damage  to  the  Manufacturer  A and  Manufac- 
turer C Cerdip  packages,  misaligned  lids  on  the  Manufacturer  B packages,  and 
lack  of  lot  identification  on  288  Manufacturer  A devices.  Details  of  these 
findings  and  the  actions  taken  are  as  follows: 

a)  Shipping  Damage  - The  damaged  Cerdip  packages  were  shipped  in  plastic 
rail  containers.  Eleven  (three  Manufacturer  C's  4013B,  four  Manufac- 
turer C's  4008,  and  four  Manufacturer  A's  4017)  devices  had  separated 
at  the  glass  frit  seal  as  shown  in  Figure  2,  and  eleven  devices  had 
portions  of  the  ceramic  package  chipped  away.  Typical  examples  of 
chipped  packages  are  shown  in  Figure  3.  This  type  of  damage  was 
duplicated  in  the  laboratory  by  dropping  full  plastic  shipping  rails 
on  their  ends.  Since  the  extent  of  any  minor  damage  to  package  seals 
was  unknown,  all  Manufacturer  A's  devices  were  returned  for  replace- 
ment. Replacement  Manufacturer  C devices  were  not  available,  and  all 
devices  in  each  damaged  shipment  were  subjected  to  hermeticity  tests 
per  MIL-STD-883  Method  1014.1,  Conditions  A1  and  C2.  All  devices 
passing  the  hermeticity  tests  were  considered  acceptable  for  life 
testing. 

b)  Misaligned  Lids  - The  Manufacturer  B microcircuits  were  packaged  in  a 
white  ceramic  dual  in-line  package.  This  package  has  a full  metal 
lid  which  was  not  properly  aligned  in  all  cases  during  the  final 
sealing  process  of  the  devices.  Packages  with  misaligned  lids 
created  a possibility  of  having  nonhermetic  devices  in  life  test, 
therefore,  hermeticity  tests  were  performed  on  the  Manufacturer  B 
devices. 
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c)  Lot  Identification  - Manufacturer  A supplied  228  MIL>M-38510/05601 
(4017)  devices  without  proper  lot  Identification  markings.  These 
were  returned  to  the  manufacturer,  and  replacement  devices  were 
obtained. 

A summary  of  the  visual  Inspection  and  hermeticity  test  results  Is 
provided  In  Table  4.  Replacement  devices  for  visual  rejects  are  Included  In 
the  number  of  devices  available  for  visual  inspection  found  In  Table  4. 

3.2  BASELINE  ELECTRICAL  PERFORMANCE  TEST 

All  devices  surviving  the  Initial  visual  inspection  and  hermeticity  tests 
were  subjected  to  electrical  performance  tests  at  25®C,  125“C,  and  -55®C.  The 
dc  electrical  tests  for  the  4001B  and  the  ^013B  devices  were  based  on  a 
proposed  MIL-M-38510  slash  sheet  dated  September  1976  and  the  JEOEC  Standard 
Specification  for  Description  of  "B"  series  CMOS  devices.  The  dc  electrical 
tests  for  the  remaining  two  devices  were  initially  established  as  those 
contained  in  MIL-M-38510/05401  and  MIL-M-38510/05601.  The  Lot  C dynamic  tests 
were  the  applicable  MlL-M-38510  Group  A test  subgroups  4,  8,  9,  10  and  11. 

Some  of  the  MlL-M-38510  parameter  limits  were  subsequently  relaxed  to  obtain  a 
sufficient  number  of  "good"  devices  for  life  testing,  A high  percentage  of 
the  4008  devices  failed  to  meet  the  initially  established  test  limits  for  the 

Iss*  IjL2«  ^PHL’  ^PLH  and  4017  devices  failed  to 

meet  the  limits  for  Ij^,  Ij|^,  and  1^^.  Therefore,  these  parameter 
limits  were  revised  as  shown  in  Table  5.  CoiTiplete  details  of  the  electrical 
test  conditions  and  limits  used  for  testing  each  device  type  are  contained  In 
Appendix  B. 

Results  of  the  initial  electrical  testing  using  the  revised  test  limits 
as  contained  in  Appendix  B can  be  found  in  Table  6.  During  Initial  test  all  the 
MIL-M-38510/05601  devices  failed  the  set-up  time  test  at  125®C.  Since 

these  tests  were  only  perfonned  on  the  Lot  C devices,  these  test  failures  were 
ignored  and  the  devices  subjected  to  subsequent  tests.  Later,  In  conjunction 
with  RADC,  the  test  fixture  was  re-examined  and  found  to  be  defective  for 
this  particular  test.  The  Lot  C test  survivors  were  then  retested  and  all 
devices  passed.  Parametric  data  taken  at  25®C  for  each  manufacturer's  device 
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TABLE  4.  INITIAL  INSPECTION  AND  HERHETICITY  TEST  RESULTS 


VISUAL  INSPECTION 


NO. 


HERHETICITY  TEST 

FINE  LEAK 

GROSS  LEAK 

TOTAL 

NO. 

NO.  INTO 

NO. 

NO.  INTO 

NO. 

FAILED 

DEVICES 

TEST 

FAILED 

TEST 

FAILED 

NOT  required 
1 

1 

74 

0 

74 

4 

7 

1 

NOT  REQUIRED 

10 

126 

1 

125 

7 

16 

196 

1 

195 

23 

28 

NOT  REQUIRED 

1 

1 

1 

WT  REQUIRED 
1 

361 

1 

NOT  TiEQUIRED 
1 

2 

t 

TABLE. 6,  INITIAL  FLECTRICAL  TEST  RESULTS  j 


DEVICE 

NFR 

LOT 

1 25«C 

125*C 

-55*C  ' 

TOTAL 

FAILEO 

FAILED 

NO.  TESTED 

FAILEO 

NO.  TESTEO 

FAILEO 

4001 

A 

144 

0 

144 

2 

144 

1 

2 

8 

143 

0 

143 

3 

143 

II 

3 

C 

72 

0 

72 

0 

72 

D 

B 

4001 

B 

B 

126 

0 

126 

0 

126 

II 

B 

D 

130 

1 

130 

1 

130 

1 

1 

H 

67 

0 

67 

0 

67 

0 

0 

4013 

C 

B 

118 

2 

118 

2 

118 

1 

2 

8 

128 

0 

128 

0 

1 

12a 

2 

2 

C 

68 

1 

68 

1 

68 

1 

1 

4013 

B 

A 

123 

2 

123 

1 

123 

0 

2 

8 

127 

1 

127 

1 

127 

1 

1 

C 

70 

0 

70 

0 

70 

B 

0 

4008 

C 

A 

129 

s 

129 

6 

129 

D 

8 

8 

111 

2 

111 

2 

111 

1 

2 

C 

61 

1 

61 

2 

61 

0 

2 

4008 

D 

A 

130 

« 

130 

5 

130 

5 

S 

8 

123 

1 

123 

1 

123 

B 

1 

C 

69 

4 

69 

1 

69 

H 

4 

4017 

D 

D 

141 

2 

141 

5 

141 

10 

14 

■ 

8 

140 

8 

140 

2 

140 

7 

9 

■ 

B 

69 

0 

69 

0^ 

69 

1 

1 

4017 

H 

B 

129 

1 

129 

2 

129 

3 

H 

127 

2 

127 

2 

127 

3 

1 

H 

67 

1 

67 

iA 

66 

1 

2 

type  is  shown  In  Tables  7 through  10.  These  tables  provide  parameter  limits, 
a computed  mean  value  of  the  parameter  for  all  devices. meeting  the  revised 
specification  limits,  and  a computed  standard  deviation  of  the  measured  para- 
meter values.  Examination  of  the  electrical  test  data  revealed  only  minor 
deviations  in  parameter  values  between  different  manufacturers  except  for  the 
dynamic  tests  and  the  4001  and  4013  negative  clamp  diode  (V|q-)  parameters. 

The  difference  between  manufacturers  in  the  dynamic  parameters  can  be  attributed 
to  individual  device  capacitance  and  internal  lead  length.  The  difference  in 
the  negative  clamp  diode  parameters  can  be  attributed  to  the  difference 
between  manufacturers  in  designing  input  protection  networks.  Figure  4 shows 
the  input  protection  networks  for  the  devices  in  this  program.  There  were 
also  marked  differences  between  parameter  values  in  different  lots  of  the  same 
manufacturer.  The  parameter  of  both  manufacturer's  4013  devices  varied 
by  lot.  Lots  B and  C of  Manufacturer  B's  4013  devices  also  exhibited  slightly 
larger  currents  than  Lot  A.  Likewise,  Lot  A of  Manufacturer  C's  M38510/ 
05401  (4008)  devices,  Lot  C of  Manufacturer  D's  M38510/05401  (4008)  devices, 
and  Lot  A of  Manufacturer  A's  M38510/05601  (4017)  devices  exhibited  larger 
mean  values  than  the  devices  in  other  lots  from  the  same  manufacturer. 

The  construction  analyses  indicated  no  anomalies  between  lots  that  would 
account  for  these  differences  in  parameter  values.  In  the  subsequent  life 
tests,  the  4013  devices  did  not  exhibit  failures  or  a major  degradation 
in  the  parameter  values.  The  lots  of  4008  and  4017  devices  which 
exhibited  larger  values  did  result  in  a larger  proportion  of  failures 
due  to  this  parameter.  This  would  indicate  that  the  difference  in  number  of 
failures  due  to  this  parameter  was  the  probable  result  of  lot  to  lot  variations 
in  the  distribution  of  parameter  values  rather  than  a difference  in  the 
acceleration  factors. 

3 • 3 MICROCIRCUIT  CONSTRUCTION  DETAILS 

A destructive  physical  analysis  of  three  devices  from  each  lot  of  each 
manufacturer's  device  type  was  perfoniied  to  determine  the  materials,  construc- 
tion iiii'hods,  process  techniques  and  quality  of  workmanship  used  in  device 
fabrication.  With  the  exception  of  the  Manufacturer  A MI L-M-3851 0/05601 
(4017)  devices,  no  construction  features,  anomalies  or  construction  differences 
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TABLE  7.  4001B  INITIAL  ELECTRICAL  2S*C  PARAMETER  CHARACTERIZATION 


TABLE  9.  MIL-H-38510/05401  .4008)  INITIAL  ELECTRICAL  25*C  PARAMETER  CHARACTERIZATION 


7.333  76.81 
3.549  61.51 
13.M  91.63 
11.10  69.60 


38510/05601  (4017)  INITIAL  ELECTRICAL  25°C  PARAMETER  CHARACTERIZATION 
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FIGURE  4.  DEVICE  INPUT  PROTECTION  NETWORKS 


were  noted  between  the  three  lots  of  each  manufacturer's  device  type.  The 
chip  surface  of  the  Manufacturer  A's  Lot  B and  Lot  C 4017  devices  contained 
the  identification  number  5KF-A,  while  the  Lot  A devices  contained  the  identi- 
fication number  15KF.  Other  than  this  difference,  the  metal lization  and 
diffusion  patterns  in  all  three  lots  appeared  identical.  A summary  of  the 
major  construction  features  noted  in  each  device  type  is  shown  in  Table  11. 
Complete  results  of  these  analyses,  including  scheinatics  and  chip  topography 
are  contained  in  Appendix  A. 

Certain  construction  features  that  could  impact  life  test  results  were 
noted  in  some  of  the  manufacturer's  device  types.  These  included:  a)  Manufac- 

turer B's  package  lead  seal,  b)  Manufacturer  A's  wafer  scribe  technique,  and 
c)  Manufacturer  D's  die  attach  technique.  The  Manufacturer  B ceramic/glass 
package  with  metal  top  and  bottom  is  more  susceptible  to  cracked  lead  seals 
during  temperature  cycling  than  the  other  packages  Llj.  Consequently,  the 
inherent  temperature  cycling  due  to  installing/removing  devices  for  electrical 
testing  during  life  testing  could  result  in  cracked  lead  seals  and  loss  of 
heriiieticity.  This  manufacturer  had  92  4001  device  failures  which  were  leak 
tested  and  of  the  46  leak  test  failures  27  or  58%  were  attributed  to  cracks  in 
the  package. 

The  Manufacturer  A die  was  laser  scribed  which  could  result  in  a build-up 
of  silicon  material  at  the  scribe.  This  build-up  of  silicon  increases  the 
suspect i bi lity  of  devices  to  fail  due  to  wire-to-die  shorts.  Molten  silicon 
could  also  be  splattered  on  the  die  surface  and  be  a contributing  factor  to 
device  failures.  No  evidence  of  laser  scribe  debris  was  observed  on  the 
surface  of  the  devices  examined.  However,  five  of  this  manufacturer's 
devices  did  fail  during  accelerated  life  tests  due  to  wire-to-die  shorts 
caused  by  hillocks  from  the  laser  scribing. 

The  Manufacturer  D die  is  attached  to  the  header  with  epoxy,  and  long-term 
exposure  to  high  temperature  can  degrade  the  integrity  of  the  die  bond.  There 
is  also  a danger  that  moisture  in  the  epo;^y  can  be  released  during  high 
temperature  exposure  and  be  a contributing  factor  to  device  failures.  Some  of 
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the  failure  mechanisms  exhibited  by  this  manufacturer's  devices  could  have 
been  accelerated  by  moisture  released  from  the  epo)^.  . 

Seventy-three  devices  were  subjected  to  Gas  Mass  Spectrometer  Analysis. 

This  analysis  was  performed  by  RADC  and  the  percentage  of  water  vapor  content 
found  within  the  devices  is  shown  in  Table  12.  A water  vapor  content  average 
of  3.0%  was  noted  within  the  Manufacturer  B 4013B  devices  while  the  Manufac- 
turer C 4013B  devices  exhibited  no  traces  of  water.  The  life  test  results 
were  inconclusive  in  determining  the  relationship  between  surface  related 
mechanisms  and  water  vapor  content. 

3.4  BIAS  CIRCUIT  EVALUATION 

Short  tenii  high  temperature  tests  of  two  devices  per  lot  of  each  manufac- 
turers' device  type  were  conducted  to  evaluate  candidate  bias  circuits.  The 
circuit  evaluations  were  performed  to  verify  that  the  following  conditions 
existed; 

a)  That  iiiaximum  rated  voltage  could  be  maintained  across  the  device  with 
minimal  current  at  the  accelerated  test  temperature. 

b)  That  no  abrupt  change  in  output  voltage  state  occurred  over  the 
anticipated  range  of  life  test  teiiiperatures,  and 

c)  That  thermal  runaway  did  not  occur  at  the  niaxiiiium  life  test  teotperature. 

Results  of  the  bias  circuit  evaluations  were  as  follows: 

3.4.1  4001B  Circuit  Evaluation  - The  results  of  evaluating  three  4001B 
candidate  bias  circuits  (A,  b,  and  C)  over  the  tentperature  range  of  12&®C 
through  27b°C  are  shown  in  Figure  5.  Each  of  the  candidate  bias  circuits 
evdluateu  for  the  quauruple  two-input  NOR  gate  met  the  conditions  stated 
above.  Candidate  Circuit  A connected  all  inputs  to  Circuit  C connected 
all  inputs  to  and  Circuit  B connected  one  input  of  each  NUk  gate  to 
and  the  other  to  An  equal  number  of  positive  and  negative 

voltage  gate  oxide  stresses  was  desirable  in  the  CMOli  devices,  therefore, 
canuidate  Circuit  b was  selected  for  life  test.  The  outputs  of  all  NOR  gates 
are  low  in  this  selection. 
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Average  ^SS  values  of  six  devices  - two  devices  from  each  of  three  lots. 
FIGURE  5.  4001B  CANDIDATE  BIAS  CIRCUITS 


3.4.2  4013B  Circuit  Evaluation  - The  results  of  evaluating  three  4013B 
candidate  bias  circuits  (A,  B,  and  C)  over  the  temperature  range  of  125“C 
through  275°C  are  as  shown  in  Figure  6.  No  appreciable  difference  between  the 
candidate  bias  circuits  was  observed.  The  selected  bias  circuit.  Candidate  B, 
provided  a high  voltage  level  at  the  Q outputs.  For  this  output  condition  the 
reset  input  was  connected  to  and  all  other  inputs  are  connected  to 
ground.  In  each  of  the  candidate  bias  configurations  one-half  of  the  device 
transistors  were  biased  on,  and  none  of  the  circuits  has  an  advantage  over  the 
other,  therefore.  Circuit  B was  selected.  Although  the  Manufacturer  C devices 
drew  excessive  current  in  each  of  the  candidate  circuits  at  the  maximum 
tefnperature  of  275®C,  a 250®C  life  test  temperature  was  considered  safe.  The 
onset  of  the  excessive  current  condition  was  not  observed  until  265*’C. 

3.4.3  MIL-M-38510/05401  (4008)  Circuit  Evaluation  - The  results  of  the  4008 
circuit  evaluation  tests  are  shown  in  Figure  7.  These  results  indicated  no 
significant  difference  in  each  of  the  three  candidate  bias  circuits  (A,  B,  and 
C).  In  each  circuit  the  output  voltages  remained  stable  while  the  input 
currents  were  approximately  equal.  Circuit  C with  one  modification  was 
selected  as  the  bias  circuit  for  step- stress  and  life  testing,  since  the 
modified  Circuit  C (Figure  8)  provides  all  possible  voltage  stress  combinations 
on  the  input  stages  of  the  adders. 

Since  both  manufacturer's  devices  exhibited  excessive  current  at  275®C, 
the  maximum  life  test  temperature  was  limited  to  250®C.  At  200“C,  one  Manufac- 
turer D Lot  A device  did  draw  approximately  three  times  the  current  of  the 
other  five  devices  on  test  and  exhibited  failed  1,.^  and  Vqj^  parameters 
after  cool-down  to  room  temperature.  However,  analysis  of  this  device  indica- 
ted that  the  failed  parameter  values  were  not  the  result  of  excessive  stresses 
induced  by  the  bias  circuit. 

3.4.4  MIL-M-38510/05601  (4017)  Circuit  Evaluaticn  - The  results  of  the  4017 
candidate  bias  circuit  evaluation  test  are  shown  in  Figure  9.  Three  candidate 
circuits  (A,  B,  and  C)  were  evaluated  and  the  output  voltage  levels  remained 
stable  over  the  temperature  range  of  25°C  to  260“C  in  each  of  the  three 
circuits.  However,  Circuit  A is  the  only  circuit  that  provides  control  over 
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♦THERMAL  RUNAWAY 

Average  I55  values  of  six  devices  - two  devices  from  each  of  three  lots. 
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1.  THE  ABOVE  CIRCUIT  DIFFERS  FROM  CIRCUIT  C SHOWN  IN 
FIGURE  7 BY  THE  CONNECTION  AT  THE  A1  (PIN  7)  INPUT. 
IN  CIRCUIT  C,  A1  IS  CONNECTED  TO  V.p  AND  ALL  OTHER 
INPUTS  ARE  THE  SAME. 


FIGURE  8.  MI L-M-38S1 0/05401  (4008)  PREFERRED  CIRCUIT 
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FIGURE  9.  MIL-M- 38510/05601  (4017)  CANDIDATE  BIAS  CIRCUITS 
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the  output  logic  levels.  Output  control  Is  established  in  Circuit  A by 
placing  the  reset  Input  at  -»-15  VOC  (Logic  1).  In  circuits  B and  C.  the  reset 
input  is  grounded  (Logic  0),  and  the  logic  levels  of  the  outputs  are  not 
controlled.  Thus  the  output  logic  levels  appear  in  a random  fashion  upon 
application  of  device  voltages.  Since  it  is  desirable  to  have  voltage  stress 
conditions  on  all  devices  that  are  repeatable  after  each  set  of  electrical 
measurements.  Circuit  A is  the  only  acceptable  circuit.  The  maximum  tempera- 
ture at  which  devices  could  be  safely  operated  in  Circuit  A was  detennined 
from  the  device  current  (I55)  - temperature  characteristics.  At  ambient 
temperatures  of  250°C  and  below,  device  current  averages  were  below  4 nA. 
These  current  levels  were  considered  acceptable.  However,  above  270“C  the 
Manufacturer  A devices  experienced  thermal  runaway.  Thus,  the  maximum  life 
test  temperature  was  limited  to  250®C. 


3.5  STEP  STRESS  TESTS 

After  the  selection  of  a bias  configuration,  30  devices  (ten  per  lot)  of 
each  manufacturer's  device  type  were  subjected  to  step  stress  testing.  These 
tests  were  perfon.ied  to  further  evaluate  the  bias  configurations  and  to  obtain 
additional  data  on  device  failures  for  the  final  detenu! nation  of  accelerated 
life  test  conditions.  Each  manufacturer's  devices  were  operated  in  the 
selected  bias  configuration  for  lb  hours  in  a test  oven  at  17b®C.  After  16 
hours  of  operation  at  175°C,  devices  were  allowed  to  cool-down  under  bias,  and 
electrical  testing  was  perfontied  at  25‘’t.  Surviving  devices  were  returned  to 
test  at  an  ambient  temperature  of  2U0‘’C  for  an  additional  16  hours  of  opera- 
tion. This  sequence  was  repeated  in  26°C  increments  until  a temperature 
of  275°C  was  reached,  or  until  all  surviving  devices  experienced  themal 
runaway.  A suim.iary  of  the  step  stress  test  results  for  all  device  types  is 
shown  in  Table  13.  Brief  discussions  of  the  test  results  for  each  device  type 
are  provided  in  the  following  paragraphs. 


3.5.1  4UU1B  Step  Stress  Results  - A total  of  ten  (four  Lot  A,  six  Lot  B,  and 
^ero  Lot  C)  Manufacturer  A 40UlBs  failed  during  the  step  stress  test.  Nine  of 
the  failed  devices  exhibited  excessive  due  to  a bake  recoverable  surface 


instability  iiiechanisi.i.  One  device  failed 


and  and  the 
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cause  of  failure  was  not  determined.  A total  of  eiyht  (six  Lot  A,  zero  Lot  B, 
and  two  Lot  C)  Manufacturer  B 4001Bs  failed  duriny  the  test.  The  two  Lot  C 
failures  and  one  of  the  Lot  A failures  were  due  to  melted  or  iniyrated  open 
metallization  caused  by  test  anomalies.  The  remaininy  five  Lot  A failures 
exhibited  excessive  due  to  a bake  recoverable  surface  instability 
mechanism. 

All  of  the  lots  v«re  considered  to  be  a typical  production  lot,  however, 
based  on  failure  rates  shown  in  Table  13,  the  Manufacturer  A Lot  C and  the 
Manufacturer  B Lots  B and  C were  expected  to,  and  did  exhibit  better  aging 
characteristics  than  the  other  lots  during  life  testing.  In  addition,  none  of 
the  lots  exhibited  a high  percentage  of  failures  at  the  250®C  step.  Therefore, 
life  testing  at  250°C  with  an  initial  measurement  point  at  four  hours  was 
considered  reasonable. 

3.5.2  4013b  Step  Stress  Results  - A total  of  six  (two  Lot  A,  two  Lot  B,  and 
two  Lot  C)  Manufacturer  C devices  failed  duriny  step  stress  test.  All  faileo 
devices  exhibited  excessive  of  which  four  (two  Lot  A and  two  Lot  B) 
failures  were  attributed  to  bake  recoverable  surface  mechanisms.  The  two  Lot 
C device  failures  were  due  to  a degraded  drain  junction  in  a n-channel  transis- 
tor caused  by  a mask  misalignment.  A total  of  three  (zero  Lot  A,  two  Lot  B, 
and  one  Lot  C)  Manufacturer  B devices  failed  duriny  step  stress.  All  three 
devices  exhibited  excessive  which  was  attributed  to  a bake  recoverable 
surface  related  mechanism. 


None  of  the  lots  exhibited  abnormal  failure  distributions,  and  250°C  was 
considered  a reasonable  maximum  life  test  temperature. 

3.5.3  MIL-M-38510/05401  (4008)  Step  Stress  Results  - One  Manufacturer  D (Lot 
B)  device  failure  was  noted  during  step  stress  evaluation,  and  the  single 
failure  was  due  to  excessive  The  failed  parameter  was  attri- 

buted to  bulk  degradation  of  an  input  protection  diode  due  to  electrical 
overstress  caused  by  a defective  test  fixture. 


No  failures  occurred  in  the  remaining  Manufacturer  D (Lot  A and  Lot  C) 
and  Manufacturer  C (Lot  A,  Lot  B,  and  Lot  C)  devices  duriny  step  stress 
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evaluations.  However,  the  devices  did  draw  excessive  current  at  27b“C,  and 
the  maximum  life  test  temperature  was  limited  to  250°C. 

3.5.4  MIL-H-38510/056Q1  (4017)  Step  Stress  Results  - One  Manufacturer  A (Lot 
A)  device  failure  was  noted  during  step  stress  evaluation.  This  device  failed 
an  parameter  which  was  found  to  be  due  to  a bake- recoverable  surface 
instability  iiiechanism. 

Fourteen  Manufacturer  D (four  Lot  A,  zero  Lot  B,  and  ten  Lot  C)  devices 
failed  during  step  stress  evaluation.  Nine  of  the  Lot  C devices  failed  an 
parameter  and  like  the  Manufacturer  A device,  t',iese  failures  were  due  to 
a bake  recoverable  surface  instability  mechanism.  One  Lot  C device  which 
failed  and  parameters  was  not  bake  recoverable.  The  rejnaining 
four  Lot  A device  failures  were  due  to  excessive  which  was  attributed  to 
degradation  of  an  input  protection  diode.  This  degradation  was  found  to  be 
due  to  electrical  overstress  caused  by  a defective  test  fixture. 

3.6  JUNCTION  TEMPERATURE  DETERMINATIONS 

Upon  completion  of  the  bias  circuit  evaluation  and  step  stress  tests,  the 
riiaxiinum  junction  temperatures  that  would  be  experienced  during  life  testing 
were  detenitined  for  each  manufacturer's  device  type.  The  forward  voltage  of  a 
substrate  diode,  which  is  a function  of  temperature,  was  used  to  detennine 
device  junction  temperatures.  Aiabient  temperatures  and  circuit  configurations 
during  the  time  junction  temperature  measurements  were  being  performed  were 
consistent  with  expected  accelerated  life  test  conditions.  A MDAC-St.  Louis 
thermal  resistance  tester  was  used  to  make  the  substrate  diode  forward  voltage 
measurements.  This  tester  permits  the  life  test  bias  conditions  to  be  estab- 
lished on  the  device  under  test  for  99.9%  of  the  time  and  only  briefly  (1 
millisecond)  forward  biases  the  substrate  diode.  The  largest  aTj  calculated 
for  all  of  the  device  types  was  only  3.6°C.  The  calculated  junction  tefiipera- 
ture  for  each  device  type  at  each  life  test  temperature  is  included  in  the 
summary  of  life  test  conditions  contained  in  Section  5.0. 
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4.0  LOT  ACCEPTANCE  TESTS 


4.1  TEST  DESCRIPTION 

The  Lot  Acceptance  Tests  were  performed  to  verify  the  acceptability  of 
MIL-STD-883,  Method  5005.5,  as  an  effective  method  for  the  screening  of  CMOS 
devices  for  Class  S applications.  The  specified  MIL-STD-883  test  requires 
MIL-M-38510  subgroups  Al,  A2,  and  A3  electrical  tests  at  the  120  hour  point 
and  full  subgroup  A electrical  tests  at  the  250  hour  point.  This  test  is  a 
dual  gate  test  of  40  devices  with  the  following  accept  reject  criteria:  at 

gate  1,  the  120  hour  point,  failures  are  limited  to  20  percent  or  fewer  of  the 
test  sample,  at  gate  2 the  250  hour  point,  the  failures  are  limited  to  40 
percent  of  the  test  sample.  A particular  lot  must  pass  both  gates  to  the 
above  criteria  in  order  to  be  accepted. 

4.2  TEST  RESULTS 

Forty  devices  of  one  lot  (labeled  Lot  C)  from  each  manufacturer's  device 
type  were  subjected  to  the  full  lot  acceptance  test.  The  devices  were  operated 
in  the  previously  selected  accelerated  life  test  circuit  at  250°C  and  were 
electrically  tested  per  the  specification  at  the  120  and  250  hour  points.  The 
results  of  these  tests  are  shown  in  Table  14. 

Also,  in  order  to  correlate  the  life  test  data  and  the  Lot  Acceptance 
data,  group  Al,  A2,  and  A3  electrical  tests  were  performed  on  the  250°C  Lot  A 
and  B life  tests  devices  at  the  120  and  250  hour  points.  Since  all  but  one  of 
the  Lot  C acceptance  test  failures  were  detected  in  the  group  Al,  A2  and  A3 
electrical  test,  it  is  valid  to  compare  the  250°C  life  test  data  with  the  Lot 
C acceptance  test  data.  A table  comparing  the  results  of  these  tests  with 
respect  to  the  MIL-STO-883,  Method  5005.5  criteria,  is  shown  in  Table  15. 
Examination  of  the  table  shows  that  37.5  percent  of  the  lots  would  fail  the 
lot  acceptance  criteria.  With  the  exception  of  the  M38510/05401  (4008) 
devices,  there  appears  to  be  a large  difference  between  different  lots  of  the 
same  manufacturer.  The  largest  number  of  failures  occurred  in  Manufacturer 
D's  M3B510/05601  (4017)  test  samples.  Over  two-thirds  of  these  devices  failed 
the  lot  acceptance  criteria.  The  correlation  of  this  data  and  the  accelerated 
life  test  results  is  contained  in  detail  in  Section  7.0. 
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ACCEPTANCE  TEST  RESULTS 


TABLE  15.  LOT  ACCEPTANCE  COMPARISON 


DEVICE 


MANUFACTURER 


M38S10 

/0S401 

(4008) 


N38510 
/ 05601 
(4017) 


CUMULATIVE  FAILURES 

120  HR 

250  HR 

24 

26 

27 

31 

5 

5 

25 

35 

0 

3 

4 - 

7 

8 

9 

10 

13 

6 

9 

0 

1 

3 

3 

5 

15 

MEIHOO  5005.5 


SATE  2V 


FAIL 
FAIL  FAIL 
FAIL  FAIL 


^ FAILURES  LIMITED  TO  20i  OF  TEST  SAMPLE 
^ FAILURES  LIMITED  TO  40S  OF  TEST  SAMPLE 
^ TEST  TERMINATED  AT  120  HOURS. 


5.0  LIFE  TESTS 


5.1  LIFE  TEST  COKOITIONS 

The  life  tests  conducted  consisted  of:  a)  a MIL-STD-883,  125®C,  4,000 
hour  life  test,  b)  a 250°C,  4,000  hour  Accelerated  Life  Test,  and  c)  a 225®C, 
4,000  hour  Accelerated  Life  Test.  In  addition,  selected  4001  and  4013  125®C 
and  accelerated  life  tests  were  extended  to  6,000  hours.  The  allocation  of 
devices  for  each  test  Is  shown  In  Table  16.  A summary  of  the  life  test 
conditions  Is  shown  In  Figures  10  through  13  for  each  device  type.  The  bias 
conditions  were  the  same  for  all  lots  of  each  device  type,  and  with  the 
exception  on  the  Manufacturer  A 4017  devices,  the  resultant  power  dissipated 
In  the  devices  was  similar.  The  Manufacturer  A Lot  A 4017  devices  had  a 
different  Identification  number  on  the  chip  surface,  as  was  noted  In  Section 
3.3,  than  the  other  two  lots  from  the  same  Manufacturer.  The  Lot  A device  had 
a 7609  date  code,  the  Lot  B device  had  a 7628  date  code,  and  the  Lot  C device 
a 7643  date  code.  The  power  dissipated  In  the  Lot  A devices  was  an  order  of 
magnitude  greater  than  the  other  two  lots.  The  construction  analysis  revealed 
no  difference  In  layout  or  processing  that  would  account  for  the  anomoly.  The 
sequence  for  performing  life  tests  Is  shown  In  Figure  14.  The  schedule  for 
electrical  parameter  measurement  Is  shown  In  Table  3, 

5.2  LIFE  TEST  RESULTS 

All  long  term  life  tests,  with  the  exception  of  one  test  cell,  were 
continued  to  at  least  the  4,000  hour  point  or  to  the  65X  failure  level. 

Several  of  the  4001  and  4013  life  tests  which  experienced  low  failure  rates 
were  extended  to  6,000  hours.  One  test  cell,  the  Manufacturer  A 4017,  Lot  B, 
250®C  cell,  was  terminated  early  at  the  3,000  hour  point  with  only  18X  failures 
to  permit  timely  program  completion.  The  results  of  the  life  tests  are 
summarized  In  Tables  17  through  20.  These  tables  show  the  cumulative  number 
of  devices  falling  the  Interim  and  final  electrical  tests. 

Examination  of  these  tables  shows  that  the  125®C  life  test  resulted  In 
only  a total  of  6%  failures,  with  the  worst  case  test  cell  exhibiting  less 
than  18X  failures.  The  long  term  high  temperature  accelerated  life  tests 
resulted  In  63X  of  the  total  devices  falling.  Figure  15  shows  the  percentage 
of  devices  failed  by  part  type,  manufacturer,  and  lot. 
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DEVICE  CONDITIONS  ARE  APPROXIMATE  AVERAGE  VALUES 


FIGURE  n.  4013B  SUMMARY  OF  LIFE  TEST  CONDITIONS 


k 

ft 
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FIGURE  14  . - LIFE  TESTING  SEQUENCE 
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Parametric  test1ii9  performed  at  ZS’C,  -SS'C  and  12S*C  at  the  120,  250  and  final  hour  points 
Parametric  test1n9  performed  at  2S*C  only  at  all  other  points. 
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6.0  FAILURE  ANALYSIS 


A total  of  sixty-eight  (68)  devices  failed  initial  electrical  tests. 
Because  initial  electrical  failures  are  generally  caused  by  subtle  processing 
variations  rather  than  any  degradation  mechanism,  no  formal  analysis  was 
performed  on  these  devices.  However,  62  of  the  failed  devices  were  baked  for 
16  hours  at  250“C  and  retested.  Fifteen  devices  recovered,  indicating  that 
their  failure  was  the  result  of  a surface  instability  mechanism  induced  during 
processing  or  screening.  The  47  devices  that  did  not  recover  after  the  bake 
were  delidded  and  examined  optically.  No  device  contained  any  obvious  anomaly 
which  could  account  for  the  failure.  This  indicated  that  these  failures  were 
probably  caused  by  processing  variations  or  by  subtle  defects. 


All  step  stress,  lot  acceptance,  and  life  test  failures  were  analyzed 
in  detail  and  summaries  of  the  failure  analysis  findings  by  device  type 
and  manufacturer  are  shown  in  Appendix  D.  The  goal  of  the  failure  analysis 
was  to  determine  the  specific  element  or  junction  responsible  for  the  failure 
symptoms  and  then  establish  the  specific  failure  mode,  mechanism,  and  the 
probable  cause  of  failure.  However,  this  goal  was  not  always  completely 
achieved  in  the  case  of  surface  related  (recoverable)  failures  because  of  the 
nature  of  the  failures  and  the  complexity  of  the  device  types.  For  reasons 
detailed  in  Appendix  0,  the  specific  leaky  transistor  or  junction  could  not 
always  be  pin-pointed,  within  the  scope  of  this  program,  and  therefore  the 
specific  failure  mechanism,  such  as  cation  drift,  charge  separation,  etc., 
could  not  be  determined.  Consequently,  these  failures  are  categorized  in  the 
general  classification  of  surface  instability. 
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7.0  DATA  EVALUATION  AND  CORRELATIONS 


Evaluations  and  correlation  of  the  data  generated  during  the  program 
were  performed  to  determine  microcircuit  aging  characteristics.  This  was 
accomplished  through  comparison  of  the  failure  modes  observed  in  each 
test,  plots  of  failure  distributions,  Arrhenius  model  evaluations,  and 
calculations  of  use-temperature  failure  rates.  The  determination  of  failure 
distributions,  Arrhenius  model  parameters  and  use-temperature  failure 
rates  generally  followed  published  techniques  [2],  [3]  and  [4]. 

7.1  FAILURE  MECHANISM  INDENTIFICATION 

The  types  of  failure  mechanisms  which  resulted  in  electrical  parameter 
failures  at  25°C  during  step  stress,  lot  acceptance  and  life  testing  are 
shown  by  device  lots  in  Tables  21  thru24,  and  are  summarized  in  Table25. 
Seventy-eight  failures  were  caused  by  test  related  problems  (electrical 
overstress,  open  chassis  solder  joints,  etc.).  Of  the  remaining  failures, 
81%  were  due  to  surface  related  mechanisms.  All  of  these  failures  most 
probably  were  caused  by  ionic  contamination  in  or  on  the  passivation  layers. 
Sixteen  percent  (16%)  of  the  failures  were  the  result  of  package  related 
mechanisms,  lead  (Pb)  reduction  and  nickel  migration.  Two  percent  (2%)  of 
the  failures  were  undefined  and  1%  were  due  to  miscellaneous  mechanisms.  A 
summary  of  the  types  of  defects  which  initiated  the  mechanisms  and  the 
suspected  causes  of  the  defects  is  shown  in  Table  26.  The  absolute  cause  of 
failure  in  many  instances  could  not  be  determined.  Consequently  many  of  the 
failures  identified  as  process- related  may  ultimately  or  indirectly  involve 
the  design  or  materials  of  the  part.  Nevertheless,  the  failures  attributed 
to  process  related  problems  probably  can  be  reduced  by  a tightening  of 
process  controls. 

7 . 2 FM  LUR_E_  Jll^  iALCU_L^l_OJi 

The  failed  devices  exhibited  out  of  tolerance  parameter  values  or,  in  a 
few  cases,  catastrophic  failures.  At  each  measurement  time,  the  values  of 
the  test  parameters  were  recorded.  After  a device  had  failed,  the  failed 
parameter  value  and  the  previous  nonfailed  values  of  that  parameter,  with 
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FAILURE  MECHANISMS 


CATION  DRIFT 
CHARGE  SEPARATION 
DENDRITE  GROWTH 
LOSS  OF  HERMETICITY 
A1  WIRE  SAG 
EUCTRICAL  OVERSTRESS 
NONE  (TEST  ERROR) 
UNDEFINED 


TOTAL 


OF  THE  401 3B  25°C  ELECTRICAL  FAILURES 


52 


TABLE  26.  SUMMARY  OF 


DEf£CT 

4001 

CATtGORY 

MFR  A 

MFR  B 

SURFACE 

112 

6S 

PACKAGE 

11 

44 

DIE  (SCRIBE) 

5 

OXIDE  (MASK) 

1 

- 

ELEUTRICAI  OVERSTRESS 

1 

16 

TEST  ERROR 

4 

1 

UNDEFINED 

1 

• 

TOTAL 

134 

126 

CAUSE  CATEGORY 

PROCESS 

112 

65 

MATERIALS 

11 

. 

WORKMANSHIP 

5 

18 

DESIGN 

. 

26 

TEST 

5 

17 

UNDEFINED 

1 

- 

the  corresponding  measurement  times  were  used  to  generate  an  empirical 
equation  that  related  time  to  the  parameter  value.  Solving  the  empirical 
equation,  using  the  failed  parameter  limit  provided  an  Interpolated  estimate 
of  the  actual  failure  time.  When  a device  exhibited  more  than  one  failed 
parameter,  the  parameter  which  was  related  to  the  primary  failure  mechanism 
was  used.  Various  equations  were  evaluated  In  an  attempt  to  provide  a good 
fit  to  the  data  points.  Interpolation  of  the  estimated  failure  time  was 
made  on  all  devices  using  a linear  equation  with  the  parameter  value  versus 
test  measurement  times,  and  versus  the  natural  logarithm  of  the  test  measure- 
ment times.  Also,  Interpolations  were  made  using  a quadratic  equation  with 
the  parameter  value  versus  the  actual,  and  versus  the  natural  logarithm  of 
the  test  measurement  times  [5].  For  the  out-of-tolerance  failures,  the 
three  point  logarithmic  quadratic  equation  method  seemed  to  provide  the  best 
fit.  For  those  failures  where  there  was  a sudden  shift  In  the  data,  such  as 
for  a catastrophic  failure,  the  above  methods  did  not  provide  a good  fit  to 
the  data,  and  the  midpoint  between  the  two  electrical  measurement  times  was 
used. 


7.3  FAILURE  DISTRIBUTIONS 

Distributions  of  the  times  to  failure  were  determined  for  each  lot  of 
each  manufacturer's  device  type  whenever  sufficient  data  was  available. 

Those  failures  due  to  test  related  problems,  and  due  to  life  test  fixture 
related  problems  were  not  Included  In  the  distributions.  Also  not  Included 
in  the  distributions  were  the  125®C  and  -55®C  failures  that  did  not  subse- 
quently fall  at  25®C.  They  were  not  Included  In  these  particular  distributions 
because  measurements  were  not  made  at  -55®C  and  125®C  at  every  measurement.  Only 
a few  of  the  devices  exhibited  sufficient  failures  during  the  4000  hour  MlL-STO-883 
125®C  life  test  to  determine  a failure  distribution. 

The  failure  time  distributions  were  originally  assumed  to  be  bimodal 
distributions  that  could  be  represented  by  two  single  lognormal  distribu- 
tions [6];  an  early  distribution  of  failures  (Freak),  and  a later  distribu- 
tion of  failures  (Main).  This  bimodal  distribution  Is: 
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where: 

Up  = In  (median  life  of  the  Freak  Distribution) 

Op  = standard  deviation  of  the  Freak  Distribution 
U|y|  = In  (median  life  of  the  Main  Distribution) 

0|y|  = standard  deviation  of  the  Main  Distribution 
Xp  = the  percentage  of  the  total  population  that  is  described  by  the 
Freak  Distribution 

= the  percentage  of  the  total  population  that  is  described  by  the 
Main  Distribution 
t = use  time 


The  bimodal  distribution  was  initially  fitted  using  a graphical  method  [3],  [4]. 
Then  the  graphic  result  was  used  with  equation  (1)  and  the  calculated  probability 
was  compared  to  the  test  probability  at  each  failure  time.  From  this  starting 
point,  the  values  of  the  unknwvns  in  equation  (1)  were  iterated  and 
the  probabilities  compared  until  plots  of  the  resulting  equation  appeared  to 
provide  good  representations  of  the  observed  data. 

7.3.1  4001B  Failure  Distributions  - The  predominant  failure  mechanism  for 
the  Manufacturer  A 4001  devices  was  excessive  current,  probably  caused 
by  cation  contamination.  This  mechanism  predominated  in  both  lots.  The  Lot 
B devices  also  exhibited  a few  failures  due  to  a degraded  input-to-V^^ 
protection  diode,  probably  caused  by  mobile  ions  in  or  on  a passivation  layer. 
These  two  mechanisms  are  both  surface  related  and  (he  combined  failure 
distributions  for  these  mechanis«ns  are  shown  in  Figure  16.  The  failures  due 
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to  dendrite  growth,  a package  related  mechanism,  were  not  included  in  the 
failure  distributions  and  did  not  exhibit  sufficient  failures  to  plot 
separately.  Also  not  included  were  the  failures  due  to  wire-to-die  shorts 
caused  by  hillocks  from  the  laser  scribing.  This  mechanism  is  primarily  a 
temperature  cycling  mechanism  and  not  a time-temperature  related  mechanism. 

The  curves  of  Manufacturer  A's  Lot  A 4001B  device  seem  to  indicate  the 
possibility  of  a bimodal  distribution,  but  there  is  insufficient  data  to  make 
a determination  of  the  Main  median  life.  The  early  or  Freak  population 
represents  an  average  of  61%  of  the  Lot  A devices.  The  Lot  B devices  exhib- 
ited a single  lognonnal  distribution. 

Thirty-five  percent  of  Manufacturer  B's  4001B  failures  were  due  to 
loss  of  hermeticity,  and  since  this  is  a temperature  cycling  mechanism,  the 
devices  were  not  included  in  the  failure  distribution  plots.  Fifteen  of  the 
remaining  sixty- four  failures  were  delidded  without  being  leak  tested  to 
avoid  affecting  their  leakage  currents.  These  devices  exhibited  the  same 
failure  symptoms  as  the  hermetic  devices,  and  were  included  in  the  failure 
distributions.  The  primary  failure  mechanism  for  the  hermetic  devices  was 
determined  to  be  cation  drift  or  charge  separation  caused  by  contamination 
in  the  passivation  layer.  The  failure  distributions  for  this  mechanism 
are  shown  in  Figure  17.  Both  lots  of  devices  tended  to  exhibit  a bimodal 
failure  distribution,  but  the  Lot  B devices  had  only  a few  hermetic  devices 
remaining,  and  the  failure  distributions  are  best  estimates  of  the  actual 
distributions.  There  were  also  three  lot  A failures  in  the  MIL-STD-883  life 
test  which  were  due  to  the  same  mechanism,  and  this  distribution  is  shown  in 
Figure  18. 

7.3.2  4013B  Failure  Distributions  - The  predominant  failure  symptom  of  the 
Manufacturer  B's  4013B  devices  was  excessive  device  current  This 

failure  symptom  was  exhibited  by  84%  of  Manufactuer  B's  failed  devices  . 
Eighty-one  percent  of  the  failures  were  reversible,  indicative  of 
surface  related  mechanisms.  However,  the  devices  failed  various  combinations 
of  the  three  tests,  a.id  this  indicated  several  failure  modes.  Seven 
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FIGURE  17.  MAf^UFACTURER  B 4001B  FAILURE  DISTRIBUTIONS  - SURFACE  REI.ATED 


devices  falling  were  not  bake  recoverable,  but  failure  analyses  did 
not  determine  the  exact  failure  mechanism.  One  device  also  failed 
due  to  charge  separation,  also  a surface  related  mechanism.  Only  one 
Manufacturer  B life  test  cell  {250%  - Lot  B)  exhibited  sufficient  failures 
to  generate  a failure  distribution  plot,  and  this  plot  is  shown  in  Figure 
19.  The  only  failures  excluded  from  this  distribution  were  the  125®C  only 
failures.  The  distribution  plot  suggests  a bimodal  distribution  with 
92%  of  devices  in  the  Main  population.  However,  there  was  insufficient 
Freak  population  failure  time  resolution  to  determine  the  median  life  or  the 
standard  deviation  of  the  Freak  population. 

The  Manufacturer  C 4013  devices  exhibited  several  surface  related 
mechanisms.  The  devices  also  exhibited  a fev/  failures  due  to  a package 
related  mechanism,  the  shorting  of  a pin  to  the  header  caused  by  dendrite 
growth.  There  were  insufficient  dendrite  growth  failures  to  plot  a failure 
distribution.  All  surface  related  mechanisms  were  combined  to  plot  the 
failure  distributions  shown  in  Figure  20.  The  Lot  A devices  exhibited  a 
bimodal  failure  distribution  with  12%  to  25%  of  the  devices  in  the  Freak 
population.  The  Main  population  had  a median  life  of  approximately  10,000 
hours  at  250°C,  but  the  Main  failure  distribution  could  not  be  determined 
for  the  225°C  devices.  The  Lot  B devices  also  exhibited  a bimodal  distribu- 
tion and  in  this  case  the  Freak  population  median  life  accounted  for  an 
average  of  18%  of  the  population,  and  the  Freak  median  life  was  2.0  hours  at 
250°C  and  2.5  hours  at  225"C. 

The  MIL-STD-883  125°C  life  test  of  Manufacturer  C's  4013  devices  also 
generated  sufficient  failures  to  determine  a failure  distribution  for  the 
Freak  population.  This  distribution  is  shown  in  Figure  21. 

7.3.3  MIL-M- 38510/05401  (4008)  Failure  Distribution  - The  Manufacturer  D 
MIL-M-38510/05401  (4008)  devices  exhibited  two  surface  related  mechanisms. 
The  largest  group  of  failures  was  attributed  to  surface  instability  caused 
by  ionic  contamination.  The  other  valid  test  failures  were  attributed  to 
charge  separation  in  an  input  protection  diode,  also  caused  by  ionic  contami 
nation.  The  failure  distributions  for  the  surface  related  mechanisms,  shot/n 
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FIGURE  21 


MANUFACTURER  C 401 3B  125%  FAILURE  DISTRIBUTION  - SURFACE  RELATED 


in  Figure  22,  indicate  a bimodal  distribjtion  for  the  Lot  B devices  and  the 
225*C  Lot  A test  group.  The  Lot  A Freak  population  was  7%  and  the  average 
Freak  population  for  the  Lot  B devices  was  14%. 

The  Manufacturer  C MIL-M-38510/05401  (4008)  devices  exhibited  surface 
related  failure  mechanisms  similar  to  the  Manufacturer  D 4008  devices. 

However,  the  Manufacturer  C devices  also  exhibited  15  failures  (pin- to- header 
shorts)  which  were  attributed  to  dendrite  growth.  There  were  insufficient 
failures  at  each  test  temperature  to  determine  a plot  for  the  dendrite 
growth  mechanism.  The  Lot  A surface  related  failures  were  characterized  by 
a bimodal  distribution  in  the  225 °C  test  group  and  a single  lognormal 
distribution  for  the  250°C  test  group,  as  shown  in  Figure  23.  The  125°C  Lot 
A life  test  resulted  in  two  surface  related  failures.  The  plot  of  these 
failures  (Figure  24)  using  the  same  sigma  as  the  225°C  failures  suggests  a 
bimodal  distribution  with  approximately  8%  of  the  devices  in  the  Freak  popu- 
ulation.  Although  the  250°C  test  group  resulted  in  a single  lognormal  distri- 
bution, failure  analysis  revealed  no  difference  in  the  failure  mechanism. 

The  Manufacturer  C Lot  B devices  exhibited  only  a few  failures,  and 
some  were  attributed  to  dendrite  growth.  The  surface  related  failures  were 
plotted,  and  are  shown  in  the  previous  Figure  23.  The  plots  suggest  a 
single  lognormal  distribution. 

7,3.4  MIL-M- 38510/05601  (4017)  Failure  Distributions  - The  Manufacturer  D 
MIL-M-38510/05601  (4017)  devices  exhibited  several  surface  related  mecha- 
nisms which  were  caused  by  ionic  contamination.  The  surface  related  fail- 
ures exhibited  a bimodal  distribution  for  the  Lot  A devices  and  a single 
lognormal  distribution  for  the  Lot  B devices  as  shown  in  Figure  25.  There 
was  nothing  noted  in  the  failure  analysis  that  would  account  for  this 
difference. 

The  Manufacturer  A MIL-M-38510/05601  (4017)  devices  exhibited  two 
surface  related  mechanisms,  a channeled  output  transistor  caused  by  cation 
drift  in  the  gate  oxide,  and  an  undefined  surface  instability  mechanism 
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FIGURE  22.  ^tANUFACTURER  D 4008  FAILURE  DISTRIBUTIONS  - SURFACE  RELATED 


FIGURE  23.  MANUFACTURER  C 4008  FAILURE  DISTRIBUTIONS  - SURFACE  RELATED 
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probably  caused  by  ionic  contamination.  These  two  surface  related  mechanisms 
generated  the  birnodal  distributions  shown  in  Figure  26  for  the  Lot  A devices. 
There  was  insufficient  data  to  plot  distributions  for  the  Lot  B devices. 

A total  of  8%  of  Manufacturer  A's  Lot  A and  Lot  B 4017  devices  failed 
due  to  dendrite  growth  between  adjacent  pins  caused  by  the  reduction  and 
precipitation  of  lead  (Pb)  contained  in  the  glass  frit.  Failure  distribu- 
tions for  this  mechanism  are  shown  in  Figure  27. 

The  Manufacturer  0 4017s  exhibited  a failure  mechanism  similar  to  the 
Manufacturer  A 4017s.  The  failure  mechanism  of  the  Manufacture  D devices 
was  a dendrite  growth  caused  by  the  migration  of  nickel  across  the  surface 
of  the  ceramic  and  was  observed  in  29%  of  the  Lot  A and  Lot  B 250°C  life 
test  devices.  There  were  no  similar  failures  in  the  225“C  and  125“C  cells 
of  this  device.  This  suggests  this  mechanism  is  not  a problem  at  tempera- 
tures less  than  250°C.  The  Lot  A nickel  migration  failures  were  all  observed 
at  the  500  hour  test  time,  and  the  failure  distribution  could  not  be  deter- 
mined. However,  the  distribution  for  the  Lot  B devices  was  determined,  and 
is  shown  in  the  previously  mentioned  Figure  27. 

7.4  AGING  CHARACTERISTICS 

Sufficient  multiple  temperature  data  was  generated  during  the  accelerated 
life  tests  to  evaluate  aging  characteristics  for  most  lots  of  each  device 
type.  The  Arrhenius  reaction  rate  model  [4]  was  found  to  provide  a good 
representation  of  the  aging  characteristics  for  both  the  Freak  and  Main 
device  distributions,  and  the  single  lognormal  distributions,  and  was  used 
to  relate  median  lifetime  and  junction  temperatures  as  follows: 
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FIGURE  27.  4017  FAILURE  DISTRIBUTIONS  - DENDRITE  GROWTH 


where 


tgoj  ■ Freak  or  Main  population  median  lifetime  at  a junction 
temperature. 

A = A constant. 

= Experimental  activation  energy  - eV. 
k = Boltzman's  constant  - 8.617  x 10"®  eV/Kelvin. 

T * Absolute  junction  temperature  K - Kelvin. 

The  linear  transform  of  this  equation  is: 

In  ■ In  A ♦ ^ [{-j  (3) 


The  transfonned  Arrhenius  equation  wcs  evaluated  using  a linear  regression 
analysis  that  assumes  the  junction  temperature  is  a known  value  and  natural 
log  of  the  median  life  [In  (tgQ^)]  is  the  only  variable  [7],  [8]. 

7.4.1  4001  Arrhenius  Plots 

Arrhenius  plots  were  generated  for  both  manufacturers'  4001  devices. 

The  Arrhenius  plots  for  Manufacturer  A's  Lot  A devices  exhibited  a bimodal 
distribution  but  there  was  only  sufficient  data  to  fully  characterize  the 
Freak  population.  The  activation  energy  for  the  Lot  A Freak  population  was 
1.94  eV.  The  Lot  B devices  exhibited  a single  lognormal  distribution  with 
an  activation  energy  of  1.42  eV.  The  similarity  in  activation  energies 
between  lots  suggest  similiar  failure  mechanisms  for  both  lots  as  was 
indicated  by  the  failure  analysis. 

Manufacturer  B's  Lot  A devices  exhibited  a bimodal  failure  distri- 
bution. However,  there  was  insufficient  data  to  detennine  an  Arrhenius  plot 
for  the  main  population  of  the  Lot  B devices.  The  Freak  activation  energy 
for  Lot  A was  0.94  eV,  and  the  Main  activation  energy  was  0.77  eV.  The  Lot 
B Freak  activation  energy  was  0.43  eV.  This  would  seem  to  indicate  different 
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failure  mechanisms  but  this  was  not  confirmed  by  the  failure  analysis 
findings.  The  Arrhenuis  plot  for  the  Lot  B devices  is  based  on  only  a few 
failures  at  each  test  temperature,  and  the  actual  activation  energy  might 

possibly  be  higher.  The  Arrhenius  plots  for  both  manufacturers  are  shown  in 

Figure  28. 

7.4.2  4013B  Arrhenius  Plots  - The  Manufacturer  B 4013  devices  did  not 

exhibit  sufficient  failures  to  generate  Arrhenius  plots.  The  Manufacturer  C 
devices  exhibited  bimodal  distributions  for  both  lots,  and  the  Arrhenius 
plots  for  these  lots  are  shown  in  Figure  29.  However,  there  were  insuffic- 
ient failures  in  the  Lot  A 225“C  test  cell  to  determine  the  Main  median 
life,  thus  the  Lot  A Arrhenius  plot  only  contains  a plot  for  the  Freak  popu- 
lation. The  Lot  A Freak  activation  energy  is  2.82  eV.  This  is  considered 
to  be  high,  but  since  the  distribution  is  based  only  on  a small  number  of 

failures  at  each  test  temperature,  the  actual  activation  energy  may  be 

smaller.  The  activation  energy  for  the  Lot  B devices  is  0.46  eV  for 

the  Freak  population  and  1.24  eV  for  th”j  Main  population.  The  failure 
analysis  discovered  several  surface  related  mechanisms,  but  they  could  not 
be  correlated  to  ths  difference  in  activation  energies. 

7.4.3  4008  Arrhenius  Plots  - Arrhenius  plots  for  both  manufacturers  4008s 
are  shown  in  Figure  30.  Although  the  failures  in  both  lots  of  Manufacturer 
C's  Lot  B 4008  devices  were  attributed  to  the  same  failure  mechanism,  the 
Lot  A devices  exhibited  a bimodal  distribution  with  an  activation  energy  of 
0.46  eV  for  the  Freak  population  and  1.01  eV  for  the  Main  population.  The 
Lot  B devices  exhibited  a single  lognormal  distribution  with  an  activation 
energy  of  0.86  eV.  Only  a small  percentage  of  failures  were  experienced  in 
the  life  tests.  Thus,  the  variation  in  activation  energies  is  probably  due 
to  experimental  errors. 

The  Manufacturer  0 Lot  A devices  exhibited  a single  lognormal  distribu- 
tion with  an  activation  energy  of  1.22  eV.  The  Lot  B devices  exhibited  a 
bimodal  distribution  with  similar  activation  energies  of  0.99  siV  for  the 
Freak  population  and  0.89  eV  for  the  Main  population. 
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FIGURE  3g  4008  ARRHENIUS  PLOTS  - SURFACE  RELATED 


7.4.4  4017  Arrhenius  Plots  - The  Arrhenius  plots  for  both  manufacturers 
4017s  are  shown  in  Figure  31.  The  Manufacturer  A 4017  devices  exhibited  a 
bimodal  distribution  for  the  Lot  A devices,  but  there  was  insufficient  data 
to  generate  plots  for  the  Lot  B devices.  The  Freak  and  Main  Lot  A populations 
exhibited  similar  activation  energies,  0.99  eV  and  1.03  eV,  respectively, 
indicating  similar  failure  mechanisms  for  both  populations. 

The  Manufacturer  0 devices  exhibited  a bimodal  distribution  for  Lot  A 
and  a single  lognormal  distribution  for  Lot  B.  The  0.90  eV  activation 
energy  for  the  Lot  A Main  population  is  similar  to  the  1.02  eV  activation 
energy  for  the  Lot  B single  distribution.  However,  the  Lot  A Freak  popula- 
tion had  an  activation  energy  of  2.43  eV.  This  is  dissimilar  to  the  Main 
activation  energy,  but  the  failure  analysis  did  not  indicate  any  difference 
in  failure  mechanisms. 

The  Manufacturer  A Lot  A 4017  devices  also  exhibited  sufficient  failures 
due  to  a dendrite  growth  mechanism  to  generate  the  Arrhenius  plot  shown  in 
Figure  32. 

7.5  FAILURE  RATES 

Calculation  of  use-temperature  failure  rates  was  made  using  the 
values  shown  in  Table  27  for  Arrhenius  model  parameters  (constant  "A"  and 
activation  energy  "E^"),  average  value  of  lognormal  distribution  standard 
deviation,  and  percent  Freak  and  Main  population.  The  failure  rate  for  a 
single  distribution  is  defined  as  [9]: 
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FIGURE  31.  4017  ARRHENIUS  PLOTS  - SURFACE  RELATED 
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FIGURE  32.  MANUFACTURER  A 40’  AIRHENIUS  PLOT  - DENDRITE  GROWTH 


A\  INSUFFICIENT  OATA  TO  CALCULATE  ACTIVATION  ENERGY 


wtiere : 

X(t)  - the  instantaneous  failure  rate  at  time  t. 
f(t)  = the  failure  density  at  time  t. 

R(t)  = the  reliability  at  time  t. 

Also,  a lognonaal  failure  rate  for  a single  distribution  is  defined  as  [10]: 
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where: 

In  (median  life) 
the  standard  deviation 

Assuming  that  an  Arrhenius  equation  defines  the  median  life  at  a junction 
temperature  provides  the  following  temperature  dependent,  lognormal  failure 
rate: 
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For  a bimodal  distribution  consisting  of  two  lognormal  failure  rates,  the 
total  failure  rate  is  defined  as: 
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These  techniques  were  used  to  calculate  the  maximum  instantaneous  failure 

rates  shown  in  Table  28.  The  maximum  instantaneous  failure  rate  over  the 

5 -3 

first  10  hours  of  125“C  use-time  varied  from  4.16  X 10  failures  per  hour 

-32 

to  1.15  X 10  failures  per  hour.  However,  three  lots  (Manufacturer  B 
Lot  B 4001,  Manufacturer  C Lot  A 4013,  and  Manufacturer  C Lot  B 4008) 
exhibited  less  than  10%  failures  in  at  least  one  of  the  high  temperature 
(200°C  or  250®C)  life  tests.  Thus,  the  calculated  failure  rates  for  these 
lots  are  only  best  estimates  and  may  vary  from  the  actual  failure  rates. 

Also  two  of  these  lots,  the  Manufacturer  C Lot  A 4013  and  Lot  B 4008,  and 
one  additional  lot,  the  Manufacturer  A Lot  A 4001,  exhibited  single  failures 
in  the  125°C  life  test  which  were  unexpected  based  on  the  calculated  failure 
rates.  These  were  isolated  random  failures  due  to  the  same,  or  similar, 
mechanisms  as  the  failures  observed  in  the  high  temperature  life  tests.  The 
random  failures  are  due  to  either  higher  actual  failure  rates  or  to  smaller 
distributions  of  Freak  failures  which  were  masked  by  larger  distributions  of 
similar  mechanisms  at  the  higher  temperatures. 

Using  the  calculated  failure  rates  as  a basis,  the  following  recommen- 
dations on  burn-in  are  made  for  each  individual  lot.  Where  there  is  a 
single  lognormal  distribution,  as  for  the  Manufacturer  A Lot  B 4001  devices, 
the  Manufacturer  C Lot  B 4008  devices,  and  Manufacturer  D Lot  B 4017  devices, 
an  improvement  in  failure  rate  cannot  be  achieved  without  sacrificing  a high 
percentage  of  the  total  population.  The  failure  rate  for  the  Manufacturer  A 
4001  Lot  A Main  distribution  could  not  be  determined  but  the  Freak  popula- 
tion, which  accounts  for  61%  of  the  total  population,  has  an  acceptable 
failure  rate,  and  thus  a burn-in  for  1445  hours  at  275®C  is  not  recommended. 
The  Manufacturer  D 4008  Lot  A devices  exhibited  an  acceptable  failure  rate, 
with  less  than  4%  of  the  devices  in  the  Freak  population.  The  failure  rate 
however,  does  not  include  the  effect  of  the  Freak  population  since  the  data 
was  insufficient  to  determine  a failure  rate  for  the  Freak  population. 
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TABLE  28.  FAILURE  RATE  SUMMARY 


MAXIMUM  INSTANTANEOUS 
FAILURE  RATE  IN  10^  HOURS 
OF  USE  TINE  (FAILURE/HOUR) 

BURN-IN 

CONDITIONS 

BURN-IN 

REO»4KENOEO 

DEVICE 

TYPE 

MFR 

LOT 

WITHOUT  BURN-IN 

WITH  BURN-IN 

125*C 

50*C 

12SX 

50*C 

TINE 

(HkS) 

Tj 

CC) 

4001B 

A 

A 

6.16  X 10*® 

4.09  X 10*^^ 

A 

. 

1445 

275 

NO 

B 

3.12  X 10*® 

3.30  X 10*^^ 

A 

- 

- 

- 

NO 

B 

A 

2.33  X 10*^ 

4.32  X 10*® 

3.25  X 10*® 

1.26  X 10*® 

90 

250 

YES 

B 

5.67  X 10*® 

3.08  X 10*® 

A 

- 

A 

- 

NO 

401 3B 

C 

A 

1.15  X 10*^^ 

0 

A 

442 

275 

NO 

B 

4.16  X 10*^ 

1.82  X 10*^ 

5.05  X 10*® 

1.47  X 10*” 

55 

250 

YES 

4008 

C 

A 

2.23  X 10*^ 

1.01  X 10*® 

1.85  X 10*^® 

5.93  X 10*®^ 

165 

250 

YES 

B 

1.20  X 10*^ 

1.09  X 10*^^ 

A 

. 

. 

NO 

0 

A 

4.57  X 10*'^ 

2.30  X 10*^^ 

A 

- 

. 

NO 

B 

4.69  X 10*® 

1.67  X 10*®^ 

2.77  X 10*® 

3.24  X 10*®^ 

1774 

250 

NO 

4017 

A 

A 

4.81  X 10*® 

1.39  X 10*® 

3.76  X 10*® 

1.60  X 10*” 

178 

250 

YES 

0 

A 

7.59  X 10*® 

2.30  X 10*®® 

8.72  X 10*® 

2.64  X 10*^® 

3094 

250 

NO 

B 

2.42  X 10*® 

4.25  X 10*” 

A 

• 1 

- 

- 

NO 

tlNSUrnCItNT  OATA  TO  OETERMINE  FAILURE  RATE. 

SINGLE  LOGNORMAL  DISTRIBUTION,  BURN-IN  NOT  RECOMHENOEO. 
BURN-IN  IN  EXCESS  OF  !.?<»  X 10  ® HOURS  RFOIIIRFO. 


85 


Burn-in  is  also  not  reconmended  for  Manufacturer  D's  4008  Lot  B and  4017  Lot 
A devices.  Burn-in  at  250“C  for  1774  hours  for  the  Manufacturer  D 4008  Lot 
B devices  would  only  slightly  improve  the  failure  rate  and  would  result  in 
80%  of  the  Main  population  being  removed.  The  failure  rate  for  the  Manufac- 
turer D 4017  Lot  A devices  would  actually  increase  slightly  due  to  the  fact 
that  the  median  lifetime  of  the  Main  population  is  less  than  that  of  the 
Freak  population  at  temperatures  less  than  200®C.  Burn-in  for  the  Manufac- 
turer B 4001  Lot  B devices,  which  exhibited  only  a few  failures,  would 
require  in  excess  of  100,000  hours  at  250®C  which  is  impractical.  The 

Manufacturer  C Lot  A 4013  devices  also  exhibited  only  a few  failures,  but  if 

-32 

the  actual  failure  rate  even  approximates  the  calculated  1 X 10  failures 
per  hour,  burn-in  would  not  be  needed. 

Burn-in  is  recommended  for  the  Manufacturer  C Lot  A 4008  devices,  the 
Manufacturer  C Lot  B 4013  devices  and  the  Manufacturer  A Lot  A 4017  devices, 
since  burn-in  would  result  in  a large  improvement  in  failure  rate  with 
virtually  none  of  the  Main  population  being  removed.  The  Manufacturer  B Lot 
A 4001  device  would  result  in  an  improvement  in  the  failure  rate  of  one 
order  of  magnitude.  However  the  Main  population  would  be  reduced  by  11%  and 
since  the  Freak  population  accounts  for  35%  of  the  total  population  this 
would  result  in  the  total  population  being  reduced  by  42%. 

The  effectiveness  of  a burn-in  appears  to  vary  from  lot  to  lot  and 
device  type  to  device  type.  Hcn^ever,  the  use  of  a 100%  burn-in  would  have 
little  effect  on  the  acceptable  lots,  and  would  eliminate  the  high  failure 
rate  devices,  thus  improving  the  overall  reliability. 

Comparison  of  the  125°C  and  50°C  failure  rates  illustrate  the  value  of 
junction  temperature  derating  to  achieve  improved  failure  rates  for  the 
predominant  failure  mechanisms.  Additional  factors  for  secondary  failure 
modes  must  be  included  in  the  total  device  failure  rates  prior  to  using  the 
failure  rates  for  reliability  estimates. 


86 


7.6  LOT  ACCEPTANCE  TEST  CORRELATION 

The  results  of  the  250“C  life  tests  at  the  120  and  250  hour  points  were 

evaluated  to  the  MIL-STD-883,  Method  5005.5  Lot  Acceptance  test  criteria, 

and  compared  to  the  calculated  failure  rates  to  determine  the  effectiveness 

of  the  Lot  Acceptance  test.  A particular  lot  fails  the  Lot  Acceptance  test 

criteria  if  20  percent  of  the  devices  fail  at  the  120  hour  electrical  test 

point,  or  40  percent  of  the  devices  fail  at  the  250  hour  electrical  test 

-5 

point.  A maximum  instantaneous  failure  rate  of  less  than  1 X 10  failures 

5 

per  hour  during  10  hours  of  125°C  use-time  was  assumed  to  constitute  an 
acceptable  lot,  and  test  effectiveness  (TE)  was  defined  as: 

TE  . 100  (8) 


where: 

Ng/A  = number  of  "good"  lots  accepted 
^B/R  " 0^  "bad"  lots  rejected 

Nj  * total  number  of  lots  tested 

Thus,  a test  that  is  lOOX  effective  will  accept  only  "good"  lots  and  reject 
all  "bad"  lots.  Based  on  the  thirteen  lots  of  devices  where  sufficient  data 
was  collected  to  calculate  125°C  failure  rates  (Table  29),  the  Lot  Acceptance 
test  accepted  only  three  of  seven  "good"  lots  and  rejected  only  four  of  six 
"bad"  lots.  Thus  a correct  decision  was  only  made  for  seven  of  the  thirteen 
lots,  or  the  test  was  54%  effective.  The  failure  rates  for  two  of  the  lots 
are  based  on  less  than  ten  percent  total  failures,  and  may  be  inaccurate. 
However,  excluding  these  two  lots  from  the  test  effectiveness  calculation 
only  increases  the  test  effectiveness  to  sixty  percent. 


8.0  CONCLUSIONS  AND  RECOMMENDATIONS 


i 

I 

a 


I 

k 

f: 

I 


t 


i 


f 

l- 

I 

i; 


r 


I 


} 


IL 


The  results  of  this  program  Indicate  that  high  reliability  CMOS  devices 
that  would  be  acceptable  for  MIL-H-38510  Class  S applications  can  be  manufac- 
tured, but  there  is  a lack  of  consistency  In  lot  to  lot  processing.  The 
principal  failure  mechanisms  were  surface  related  and  were  responsible  for  74% 
of  the  failed  devices  in  this  study.  These  mechanisms  were  responsible  for 
several  different  failure  modes  and  In  some  cases  several  different  categories 
of  failures  In  a single  device. 

The  matrix  of  high  temperature  accelerated  life  tests  showed  a wide 
variance  in  aging  characteristics  between  microcircuit  types  and  even  between 
different  lots  of  the  same  manufacturer.  The  failure  distributions  were 
either  single  lognormal  or  bimodal  distributions.  The  failure  rates  were 
generally  less  than  5 X 10“^  failures  per  hour  at  a use- temperature  of  125®C 
over  the  first  ten  years.  Burn-in  requirements  vary  and,  in  some  cases,  would 
not  be  effective  in  improving  the  failure  rates  without  sacrificing  a high 
percentage  of  the  total  population.  The  MIL-STD-883  125“C  life  tests  exhib- 
ited the  same  failure  mechanisms  but  did  not,  in  most  cases,  generate  suffi- 
cient failures  to  detennine  a failure  distribution. 

The  Class  S Lot  Acceptance  test  as  specified  in  MIL-STO-883,  Method 
5005.5  is  approximately  50%  effective  as  a method  of  screening  for  device 
and  lot  reliability.  To  minimize  the  possibility  of  rejecting  "good"  lots 
or  accepting  "bad"  lots,  a two  temperature  Lot  Acceptance  test  is  recaiuiiended. 
A two  temperature  Lot  Acceptance  test  at  temperatures  above  200“C  would 
permit  control  of  the  lot  activation  energy  as  well  as  the  p re- exponential 
factor  in  the  Arrhenius  equation.  A 100%  burn-in  is  also  recommended. 

Although  burn-in  would  not  improve  all  lots,  it  would  improve  the  reliability 
of  those  lots  which  have  a Freak  population  with  a high  failure  rate.  The 
burn-in  conditions  should  be  determined  from  the  results  of  life  characteri- 
zation studies  to  maximize  the  effectiveness  of  the  burn-in. 
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The  elimination  or  reduction  of  surface  related  failure  mechanisms  In 
CMOS  devices  would  also  greatly  Improve  the  reliability  of  the  devices. 
Improved  manufacturing  process  controls  are  necessary  to  reduce  the  contami- 
nation responsible  for  the  observed  sorfwe  reltled  meehenlsms.  The  eUmlna- 
tlcr,  or  reduction,  of  lurfec*  roltTefi  mechariiwn^  contbired  with  a two  teanpera 
ture  Lot  Acceptance  test  and  100%  burn-in  will  assure  that  the  failure  rates 
of  CMOS  device  will  be  maintained  at  a level  that  will  make  the  devices 
acceptable  for  Class  S applications. 
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CONSTRUCTION  ANALYSIS 
4001 B 

MANUFACTURER  A 
QUAD  2- INPUT  NOR  GATE 
DATE  CODE  7634 

! 


H1CR0CIRCUI7  CONSTRUaiON  IHFORMATION 
BASELINE  ANALYSIS 


PART  NAME;  QUAD  2-INPlff  NOR  BATE 

KANUrAaURER'S  PART  NO:  CCL  4001 /BD  MANUFACTURER: 

GENERIC  PART  NO:  4001 B PACKAGE  TYPE: 

MILITARY  SPECIFICATION  TYPE:  M38510/0S202BCC 


DESCRIPTION 

DCTAIL 

DIE 

Passivation  Type 

Silicon  Dioxide 

Glassivatlon  Type 

Vapox 

Basic  Ole  Construction 

Planar 

Ole  Dinenslons 

0.0426  X 0.0497 

Metallization  Type 

Aluminum 

Metallization  Thickness 

Nunber  of  Metallization  Layers 

One 

Metallization  Interlayer  Insulation  Type 

None 

Bonding  Pad  Jlze 

O.OOS4  X 0.00S4 

Die  Photograph 

(See  Figure  A7) 

Scribe  Mei  hod 

Laser 

INTERCONNECTIONS 

Die  Mounting  Material 

Gold-Silicon  Eutectic 

Wire  Material 

Aluminum 

Wire  Dianeter 

0.001 

Longest  Lead  Length 

0.075 

Wire  Bond  Type(s)  Post 

Ultrasonic  (See  Figure  A4) 

Die 

Ultrasonic  (See  Figure  A3) 

Inte-connectlon  Photograph 

(See  Figure  A2) 

DESCRIPTION 

DETAIL 

PACKAGE 

Lead/Lead  Frame  Material 

Alloy  42 

Lefd/Lead  Frame  Finish  - Internal 

Aluminum 

Lead/Lead  Frame  Finish  - External 

Tin  Lead  Plate 

Lead/Lead  Frame  Finish  • Feed  Thru 

None 

Header/Case  Material 

Ceramic  (AI2O3) 

Cap/Lid  Material 

Ceramic  (AI2O3) 

Case  Seal  Materlal/Method 

Glass  Frit 

Lead  Seal  Materlal/Method 

Glass  Frit 

Cavity  Size 

0.16S  X 0.261 

Package  Photograph 

(See  Figure  Al) 

1.  Additional  markings  (bottoni)  • MALAYSIA  BFBX. 

2,  All  dimensions  arc  in  inches. 
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APPENDIX  A2 
CONSTRUCTION  ANALYSIS 
4001 B 

MANUFACTURER  B 
QUAD  2- INPUT  NOR  GATE 
DATE  CODE  7705 


MICROCIRCUIT  CONSTRUCTION  INFORMATION 
BASELINE  ANALYSIS 


S/N £125 date  code 7705 DATE:  5/2/77 

PART  NAME:  9M  2-IMPUT  NOR  SATE 

MANUFACTURER'S  PART  NO:  'CCL«001/BD WNUFACTURER: § 

GENERIC  PART  NO: 4001 B ^PACKAGE  TYPE: 14  PIN  DIP 

MILITARY  SPECIFICATION  TYPE:  M38510/0S202BCC 


DESCRIPTION 

DETAIL 

DIE 

Passivation  Type 

Silicon  Dioxide 

Glassivatlon  Type 

Phosphorus  Glass 

Basic  Die  Construction 

Planar 

Die  Dimensions 

0.049  X 0.035 

Metallization  Type 

Aluminum 

Metallization  Thickness 

Number  of  Metallization  Layers 

One 

Metallization  Interlayer  Insulation  Type 

None 

Bonding  Pad  Size 

0.0038  X 0.0038 

Die  Photograph 

{See  Figure  AlA) 

Scribe  Method 

Mechanical 

INTERCONNECTIONS 

Die  Mounting  Material 

Gold  Silicon  Eutectic 

Hire  Material 

Aluminum 

Wire  Diameter 

0.001 

Longest  Lead  Length 

0.106 

Hire  Bond  Type{s)  Post 

Ultrasonic  (See  Figure  All) 

Die 

Ultrasonic  (See  Figure  AlO) 

Interconnection  Photograph 

(See  Figure  A9) 

AlO 


r 


DESCRIPTION 

DETAIL 

PACKAGE 

Lead/Lead  Frame  Material 

Kovar 

Lead/Lead  Frame  Finish  • Internal 

Gold  Plate 

Lead/Lead  Frame  Finish  - External 

Gold  Plate 

Lead/Lead  Frame  Finish  • Feed  Thru 

Molybdenum-Hanganes  e 

Header/Case  Material 

Ceramic 

Cap/Lid  Material 

Gold  Plated  Kovar 

Case  Seal  Mate rial /Method 

Solder 

Lead  Seal  Material /Method 

Ceramic 

Cavity  Site 

0.161  X 0.3G4 

Package  Photograph 

(See  Figure  A8) 

All  dimensions  are  in  Inches. 


FIGURE  AS  . PACKAGE  PHOTOGRAPH 


FIGURE  A9  . interconnection  PHOTOGRAPH 


FIGURE  A13  - LOGIC  DIAGRAM 


APPENDIX  A3 
CONSTRUCTION  ANALYSIS 
4013B 

MANUFACTURER  C 

DUAL  0 EDGE  TRIGGERED  FLIP  FLOP 
DATE  CODE  7652C 


A16 


MICROCIRCUIT  CONSTRUCTION  INFORMATION 
BASELINE  ANALYSIS 
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5/N  DATE  CODE  7652 

PART  NAME:  DUAL  D ED6E  TR16KRED  FLIP  FLOP  KHN  CLEAR  AND  PRESET 

MANUFAOURER'S  PART  NO:  CD4013BJ/RC33B3  MANUFACTURER: 

GENERIC  PART  NO: 401 3B PACKAGE  TYPE: 

MILITARY  SPECIFICATION  TYPE:  M38S10/05101BDC 

DESCRlPTiaN 

DIE 


DATE: 5A 


C 

14  PIN  DIP 


DETAIL 


Passivation  Type 
Glassivatlon  Type 
Basle  Die  Construction 
Die  Dimensions 
Metallisation  Type 
Metallization  Thickness 
Number  of  Metallization  Layers 
Metallization  Interlayer  Insulation  Type 
Bonding  Pad  Size 
Die  Photograph 
Scribe  Method 
INTERCONNECTIONS 
Die  Mounting  Material 
Wire  Material 
Wire  Diameter 
Longest  Lead  Length 
Wire  Bond  Type(s)  Post 
Die 

Interconnection  Photograph 


Silicon  Dioxide 

Vapox 

Planar 

D.D54  X 0.063 
Alinlnum 


One 

None 

0.005  X 0.005 
(See  Figure  A21) 
Mechanical 

Gold  Silicon  Eutectic 
Aluminum 
0.001 
0.07B 

Ultrasonic  (Set  Figure 
Ultrasonic  (Sm  Figure 
(See  Figure  Al€) 


A18) 

A17) 


A17 


DESCRIPTION 


DETAIL 


PACKAGE 

1 

Lead/Lead  Frame  Material 

Alloy  42 

Lead/Lead  Frame  Finish  - Internal 

Gold  Plate 

Lead/Lead  Frame  Finish  - External 

Gold  Plate 

Lead/Lead  Frame  Finish  - Feed  Thru 

None 

Header/Case  Material 

Ceramic 

Cap/Lid  Material 

Ceramic 

Case  Seal  Materlal/Method 

Glass  Frit 

Lead  Seal  Materlal/Method 

Glass  Frit 

Cavity  rize 

0.1S9  X 0.263 

Package  Photograph 

(See  Figure  A15) 

1.  AM  dimensions  are  In  Inches. 


APPENDIX  A4 
CONSTRUCTION  ANALYSIS 
401 3B 

MANUFACTURER  B 

DUAL  D EDGE  TRIGGERED  FLIP  FLOP 
DATE  CODE  7643 


A24 


MICROCIRCUIT  CONSTRUaiON  INFORMATION 
BASELINE  ANALYSIS 


S/N A23 DATE  CODE  7643 DATE;  5/2/1 

PART  NAME:  DUAL  D ED6E  TRIGGERED  FLIP  FLOP 

MANUFACTURER'S  PART  NO:  CCL4013A/BD ^MANUFACTURER: B 

GENERIC  PART  NO: 4013B ^PACKAGE  TYPE: 14  PIN  DIP 

MILITARY  SPECIFICATION  TYPE;  M38S10/05101BDC 


DESCRIPTION 

DIE 

Passivation  Type 
Glassivatlon  Type 
Basic  Die  Construction 
Die  Dimensions 
Metal 1l2at1on  Type 
Metal 1l2ation  Thickness 
Number  of  Metal 11 2at1on  Layers 
Hetalll2at1on  Interlayer  Insulation  Type 
Bonding  Pad  ^l2e 
Die  Photograph 
Scribe  Method 
INTERCONNECTIONS 
Die  Mounting  Material 
Wire  Material 
Wire  Diameter 
Longest  Lead  Lengtn 
Wire  Bond  Type(s)  Post 
Die 

Interconnection  Photograph 


DETAIL 


Silicon  Dioxide 
Phosphorus  Glass* 
Planar 

0.047  X 0.057 
Aluminum 


One 

None 

0.0037  X 0.0037 
(See  Figure  A28) 

Mechanical 

Gold  Silicon  Eutectic 
Aluminum 
0.001 
0.106 

Ultrasonic  (See  Figure  A25) 
Ultrasonic  (See  Figure  A24) 
(See  Figure  A23) 


A25 


DESCRIPTION 

DETAIL 

PACKAGE 

Letd/Lesd  Frwic  4(ater1a1 

Kovar 

Lead/Lead  Frone  Finish  • Internal 

Gold  Plate 

Lead/Lead  Frame  Finish  • External 

Gold  Plate 

Lead/Lead  Frame  Finish  - Feed  Thru 

Molybdenum-Manganese 

Header/Case  Material 

Ceramic 

Cap/Lid  Material 

Gold  Plated  Kovar 

Case  Seal  Material /Method 

Solder 

Lead  Seal  Material /Method 

Ceramic 

Cavity  Size 

0.161  X 0.383 

Package  Photograph 

(See  Figure  A22) 

1.  All  dimensions  are  in  inches. 


FIGURE  A22  - PACKAGE  PHOTOGRAPH 


FIGURE  A2T  - INTERCONNECTION  PHOTOGRAPH 


FIGURE  A?4  - WIRE  BONO  AT  DIE 


FIGURE  A 25  - WIRE  BOND  AT  LEAD  FRAME 
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APPENDIX  AS 
CONSTRUCTION  ANALYSIS 
N3851 0/05401 BDC 
MANUFACTURER  C 
FOUR  BIT  FULL  ADDER 
DATE  CODE  7652A 


A32 


MICROCIRCUIT  Ca'iSTRUCTlON  INFORMATION 

baseline  analysis 


S/N A22 DATE  CODE  • 7652A DATE:  S/2/77 

PART  NAME:  FOUR  BIT  FULL  ADDER ! 

MANUFACTURER'S  PART  NO;  MM«608BJ/RC33384  MANUFAaURER: C 

GENERIC  PART  NO: 4008 ^PACKAGE  TYPE: IK  pim  ntP 

MILITARY  SPECIFICATION  TYPE:  M3851 0/05401 BDC  


DESCRIPTION 

DETAIL 

DIE 

Passivation  Type 

Silicon  Dioxide 

Glassivatlon  Type 

Vapox 

Basic  Die  Construction 

Planar 

Die  Dimensions 

0.071  X 0.080 

Metallization  Type 

Aluminum 

Metallization  Thickness 

Number  of  Metallization  Layers 

One 

Metallization  Interlayer  Insulation  Type 

None 

Bonding  Pad^lze 

0.0044  X 0.0044 

Ole  Photograph 

(See  Figure  A36) 

Scribe  Method 

Mechanical 

INTERCONNECTIONS 

Die  Mounting  Material 

Gold-Silicon  Eutectic 

Hire  Material 

Aluminum 

Mire  Diameter 

0.001 

Longest  Lead  Length 

0.115 

Mire  Bond  Type(s)  Post 

Ultrasonic  (See  Figure  A32) 

Die 

Ultrasonic  (See  Figure  A31) 

Interconnection  Photograph 

(See  Figure  A30) 

A33 


DESCRIPTION 

DCTAIL 

PACKAGE 

Lead/LMd  Frame  Material 

Alloy  42 

Lead/Lead  Frame  Finish  - Internal 

Aluminum  Plate 

Laad/Lead  Frame  Finish  - External 

Gold  Plate 

Lead/Lead  Frame  Finish  - Feed  Thru 

None 

Hcader/Casc  Material 

Ceraml c 

Cap/Lid  Material 

Ceramic 

Case  Seal  Material /Method 

Glass  Frit 

Lead  Seal  Material /Method 

Glass  Frit 

Cavity  Site 

0.161  X 0.270 

Package  Photograph 

1.  All  dimensions  are  In  Inches. 


FIGURE  A34.  LOGIC  DIAGRAM 


1 PARALLEL  CARRY  CIRCUIT  - FIGURE  A37  AND  FIGURE  A38 

2 ADDER  CIRCUIT  - FIGURE  A39  AND  FIGURE  A40 

FIGURE  A35  - FUNCTIONAL  BLOCK  DIAGRAM 


DIE  PHOTOGRAPH 


FIGURE  A 37  - PARALLEL  CARRY  CIRCUIT 


■Sr.HFtiATIC  DIAGRAM  Of  A TYPICAi 


APPENDIX  A6 
CONSTRUCTION  ANALYSIS 
M3851 0/05401 BEC 
MANUFACTURER  D 
FOUR  BIT  FULL  ADDER 
DATE  CODE  7703 


A44 


NICftOCIRCUIT  CONSTRUCTION  INFORMATION 
NASELINE  ANALYSIS 
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S/N C154 OATE  CODE  7703 OATE;  5/2/77 

PART  NAME:  FOUR  BIT  FUU  ADDER 

MANUFACTURER'S  PART  NO;  85744 MANUFACTURER: fi 


GENERIC  PART  NO: 4008B PACKAGE  TYPE: 16  PIN  DIP 

MILITARY  SPECIFICATION  TYPE:  M3851 0/05401 BEC 


DESCRIPTION 

DETAIL 

DIE 

Passivation  Type 

Silicon  Dioxide 

Glassivatlon  Type 

Silicon  Dioxide 

Basic  Ole  Construction 

Planar 

Ole  Dimensions 

0.081  X 0.085 

Metallization  Type 

Aluminum 

Metallization  Thickness 

Number  of  Metallization  Layers 

One 

Metallization  Interlayer  Insulation  Type 

None 

Bonding  Pad  Size 

0.004  X 0.004 

Die  Photograph 

(See  Figure  A48) 

Scribe  Method 

Mechanical 

INTERCONNECTIONS 

Ole  Mounting  Material 

Silver  Filled  Epoxy 

Wire  Material 

Aluminum 

Wire  Diameter 

0.0014 

Longest  Lead  Length 

0.043 

Wire  Bond  Type(s)  Post 

Ultrasonic  (See  Figure  A44) 

Die 

Ultrasonic  (See  Figure  A43) 

Interconnection  Photograph 

(See  Figure  A42) 

) 


-4 

I 


MS 


I.  All  diMensions  are  in  Inches. 


■S 


FIGURE  A41  - PACKAGE  PHOTOGRAPH 


O:.  PHOTOGRAPH 


A 

A 


^ PARALLEL  CARRY  CIRCUIT 
^ CARRY  INPUT  CIRCUIT 
^ OUTPUT  CIRCUIT 
^ ADDER  3 CIRCUIT 


Figure  A49  and  figure  aso 

FIGURE  A51  AND  FIGURE  A5Z 
FIGURE  A53  AND  FIGURE  A54 
FIGURE  A55  AND  FIGURE  A56 


•"JPPRE.  A57  functional  block  diagram 


A51 


MtfiiilililiHilll 


FIGURE  A48  - DIE  PHOTOGRAPH 


S/N  C154 


A62 


“T  FIGURE  A54-  SCHEMATIC  DIAr.RAM  Of  OUTPUT  CIRCUIT 

i 


I 


A54 


FIGURE  A56-  ADDER  THREE  CIRCUIT 


APPENDIX  A7 


CONSTRUCTION  ANALYSIS 
M38510/05601BEB 

MANUFACTURER  A 
DECADE  COUNTER/ DIVIDER 

DATE  CODE  7628 


A56 


MICROCIRCUIT  CONSTRUCTION  INFORMATION 
BASELINE  ANALYSIS 

S/N B53 DATE  CM>E  • 7626 DATE;  2/8/77 

PART  NAME;  COUNTER/DIVICER 

MANUFACTURER'S  PART  NO:  MC14017BAL MANUFACTURER: A 


GENERIC  PART  NO: 4017 PACKAGE  TYPE;  16  PIN  DIP 

MILITARY  SPECIFICATION  TYPE:  M3B51 0-05601 BEB 


DESCRIPTION 

DETAIL 

DIE 

Passivation  Type 

Silicon  Dioxide 

Glassivatlon  Type 

Vapor 

Basic  Ole  Construction 

Planar 

Die  Dimensions 

0.080  X 0.080 

Metallization  Type 

Alumlniin 

Number  of  Metallization  Layers 

One 

Metallization  Interlayer  Insulation  Type 

None 

Bonding  Pad-^SIze 

0.0048  X 0.0048 

Ole  Photograph 

(See  Figure  A63) 

Scribe  Method 

Laser 

INTERCONNECTIONS 

Ole  Mounting  Material 

Gold  Silicone  Eutectic 

Wire  Material 

A1 umlnum 

Mire  Diameter 

0.001 

Longest  Lead  Length 

0.071 

Mire  Bond  Type{s)  Post 
< 

Ultrasonic  (Sec  Figure  AGO) 

Die 

Ultrasonic  (See  Figure  A59) 

Interconnection  Photograph 

(Sec  Figure  A58) 

DESCRIPTION 

DETAIL 

PACKAGE 

Lud/Lead  Frwie  Material 

Alloy  42 

Lead/Lead  Frame  Finish  • Internal 

Aluminum 

Lead/Lead  Frame  Finish  - External 

Tin  Lead  Plate 

Lead/Lead  Frame  Finish  - Feed  Thru 

None 

Header/Case  Material 

Ceramic  (Al20j) 

Cap/Lid  Material 

Ceramic  (A1203) 

Case  Seal  Material /Method 

Glass  Frit 

Lud  Seal  Material /Method 

Glass  Frit 

Cavity  Size 

0.25  X 0.162 

Package  Photograph 

(See  Figure  A57) 

Note; 

1.  All  dimensions  are  In  Inches. 


.if# 

S'  £ 

83X 


S/N  B53 


FIGURE  A63  - DIE  PHOTOGRAPH 


MGUh’L  A(4.  irjpm  ClRCllIT  AND  A lYPlCAL  OUTPUl 


I pen  IT 


-O  OUTPUT 
(1  THRU  7 
AND 

9 THRU  11) 


FIGURE  A65-  SCHEMATIC  DIAGRAM  OF  DEVICE  INPUT  CIRCUIT  AND  A TYPICAL  OUTPUT  CIRCUIT 


FIGURE  A66-  A 


YPICAL  FLIP/FLOP 


FIGURE  A67-  SCHEMATIC  DIAGRAM  OF  A TYPICAL  FLIP/FLOP  CIRCUIT 


FIGURE  A68  - F/F2  INPUT  GATING  CIRCUIT 


FIGURE  A69  - SCHEMATIC  DIAGRAM  OF  t /F2  INPUT  GATING  CIRCUIT 
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APPENDIX  A8 


CONSTRUCTION  ANALYSIS 
M38510/05601BEB 
MANUFACTURER  D 
DECADE  COUNTER/ DIVIDER 
DATE  CODE  7703 


A68 
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MICROCIRCUIT  CONSTRUCTION  INFORMATION 
BASELINE  ANALYSIS 


S/N A34] MTE  code  • 77ni  DATE:  7/20/77 

PART  tUXE;  DECADE  COUNTER/DIVIDER 

MANUFACTURER'S  PART  NO:  85746 MANUFACTURER: Q 

BENERIC  PART  NO: 4017 PACKAGE  TYPE:  16  PTW  DIP 

MILITARY  SPECIFICATION  TYPE: M38S1 0/05601 BEB 


DESCRIPTION 
DIE 

Passivation  Type 
Glassivatlon  Type 
Basic  Ole  Construction 
Ole  Dimensions 
Metallization  Type 
Metallization  Thickness 
Number  of  Metallization  Layers 
Metallization  Interlayer  Insulation  Type 
Bonding  Pad  Size 
Ole  Photograph 
Scribe  Method 
INTERCONNECTIONS 
Ole  Mounting  Material 
Wire  Material 
Ml  re  Diameter 
Longest  Lead  Length 
Wire  Bond  Type(s)  Post 
Ole 

Interconnection  Photograph 


OHAIL 


Silicon  Dioxide 
Silicon  Dioxide 
Planar 

0.075  X 0.07B 
Aluminum 

One 

None 

0.0038  X 0.0038 
(See  Figure  A76) 

Mechanical 

Silver  Filled  Epoxy 

A1 umlnum 

0.0013 

0.074 

Ultrasonic  (Sec  Figure  A73) 
Ultrasonic  (Sec  Floure  A72)' 
(See  Figure  A71 ) 


DESCRIPTION 

DETAIL 

PACKAGE 

Lead/Lead  Frame  Haterlal 

Kovar 

Lead/Lead  Frame  Finish  - Internal 

Alumimin 

Lead/Lead  Frame  Finish  - External 

Nickel  Plate 

Lead/Lead  Frame  Finish  - Feed  Thru 

Tungsten 

Header/Case  Material 

Ceramic 

Cap/Lid  Material 

Nickel  Plated  Kovar 

Case  Seal  Material /Method 

Solder 

Lead  Seal  Material /Method 

Ceramic 

Cavity  Site 

0.228  X 0.178 

Package  Photograph 

All  dimensions  are  in  inches. 


MMIlMpPli 


FIGURE  A70  - PACKAGE  PHOTOGRAPH 


FIGURE  A71  - INTERCONNECTION  PHOTOGRAPH 


FIGURE  A74 . SCHEMATIC  DIAGRAM 


A 


A 


ZL  INPUT  CIRCUIT  - FIGURE  A77  AND  FIGURE  A78 

^ FLir/FLOP  CIRCUIT  - FIGURE  A79  AND  FIGURE  A80 

A F/F2  INPUT  GATING  CIRCUIT  AND  OUTPUT  CIRCUITS  - FIGURE  A81 
AND  FIGURE  A82 


FIGURE  A 75  - FUNCTIONAL  BLOCK  DIAGRAM 


"J ° ^ 

(5) 


r'"' 

7} 

-!n 

h*i' 

FlfiURr  A82.  SCHUiATlC  DIAGRAM  0>' 
F/FM?  MIPUT  GATING 
CIRCUIT  AND.  QF  TWO 
TYPICAL  OUTPUT  CIRCUl’G 


IjVi  INPUT  GATING  CIRCUIT  AND 
TWO  TYPICA!  OUTPUT  ClRClllTS 


APPENDIX  ■£ 

ELECTRICAL  TEST  CONDITIONS 


TABLE  OF  CONTENTS 

PAGE 

INITIAL/FINAL  AND  INTERIM  TESTS  FOR  4001 B B2 

DYNAMIC  TESTS  FOR  40C1B  B3 

4001B  SPECIFIED  TESTS/LIMITS B4 

4001 B CIRCUIT  DIAGRAMS B7 

INITIAL/FINAL  AND  INTERIM  TESTS  FOR  TESTS  FOR  401 3B  B8 

DYNAt^IC  TESTS  FOR  401 3B B9 

401 3B  SPECIFIED  TESTS/LIMITS BIO 

401 3B  CIRCUIT  DIAGRAMS B15 

INITIAL/FINAL  AND  INTERIM  TESTS  FOR  MIL-M- 38510/05401  B19 

DYNAMIC  TESTS  FOR  MIL-M-3851 0/05401  B20 

MIL-M-38510/05401  SPECIFIED  TESTS/LIMUS B21 

MIL-M-3851 0/05401  CIRCUIT  DIAGRAMS B27 

INITIAL/FINAL  AND  INTERIM  TESTS  FOR  MIL-M-38510/05601  C28 

DYNAMIC  TESTS  FOR  MIL-M-38510/05601  B29 

MIL-M-38510/05601  SPECIFIED  TESTS/LIMITS 330 

MIL-M-38510/05601  CIRCUIT  DIAGRAMS B31 


B1 


TABLE  Bl.  O.C.  TEST  LIST  FOR  4001B 


INITIAL/FINAL 
TEST  #*S 


1,2.3.4.5,6,7,8 


9,10,11,12.13,14 


17,18,19 


20,21,22,23.24, 

25,26,27 


28,29.30,21.32. 

33,34,35 


36,37.38,39,40, 

41.42.43 


44,45,46,47 

48,49,50,51 

52,53,54,55 


17,18,19 


20,21.22, 

23.24,25, 

26,27 

28,29.30, 
31 ,32,33, 
34,35 

36,37,38, 
39,40,41 , 
42,43 


20,21 .22,23. 
24,25.26,27 


28.29,30.31. 

32.33.34.35 


36,37,38,39, 
40,41 ,42,43 


44,45,46,47  44,45,46,47 
48,49,50,51  48,49,50,51 
52,53,54,54  52,53,54,55 


57,58,59,60, 

61,62,63,64 


1.2,3,4,5,6,7,8 


9,10,11,12,13,14, 

15,16 


17,18,19 


20.21.22.23,24. 

25.26.27 


28,29,30.31.32.33. 

34,35 


36,37,38,39,40,  41, 
42,43 


44,45,46,47 

48,49,50,51 

52,53,54,55 


66,67,68,69, 
70.71  .72.73 


SPECIFICATIONS 


capacitance  shall  be  ir.easured  between  the  specified  measurenient 
id  the  terminal.  The  measiireinent  frequency  shall  be  within 


1 


capaciUnce) 


Input  pulse 

'^GEN  ^ ''do  i 
^PH  * 2.5  + 0.1  us 

^THl(l)  “ ^LH(l)  “ 

Pulse  repetition  period  » 5.0  ♦ 1 us 


FIGURE  Bl.  SWITCHING  TIMES  TEST  CIRCUIT  AND  WAVEFORMS 
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TABLE  B4 


TEST  LIST  FOR  401 3B 


VIC  (POS) 


VIC  (NEG) 


ISS 


INITIAL/FINAL 
TEST  #‘S 


+1250C 


I.2.3.4.S.6. 

7.8 


9.10,11,12.13. 
14. IS 


17.18,19 


17,18,19 


45,46,47,48, 

49,50,51,52 


INTERIM 
TEST  #'S 


1.2,3,4,5,6 


9,10,11,12,13, 

14,15 


17,18,19 


VOL  1 

20,21 ,22,23 

20,21,22,23 

20,21,22,23 

20,21,22,23 

VOL  2 

24,25,26,27 

24,25,26,27 

24,25,26,27 

24,25,26,27 

VOL  3 

28,29,30,31 

28,29,30,31 

28,29,30,31 

28,29,30,31 

VOH  1 

32,33,34,35 

32,33,34,35 

32,33,34,35 

32,33,34,35 

VOH  2 

36,37,38,39 

36,37,38,39 

36,37,38,39 

36,37,38,39 

VOH  3 

40,41,42,43 

40,41,42,43 

40,41,42,43 

40,41,42,43 

54,55,56,57,58 

59,60,61,62 


TABLE  B5.  A.C.  TEST  LIST  FOR  401 3B 


PARAMETER 

DYNAMIC  TEST 

62-69 

TRUTH  TABLE 

70-86 

t PHL 

87-90 

t PHL  (R  or  S) 

91-94 

t PLH 

95-98 

t PLH  (R  or  S) 

99-102 

t THL 

103-106 

t TLH 

107-110 

fcL 

111,112 

TTLHCL 

113,114 

tP 

115,116 

t SHL 

117,118 

t SLH 

119,120 

t HHL 

121,122 

t HLH 

123,124 

B9 


SPECIFICATIONS 


PULSE 

GENERATOR 

INPUT 


OUTPUT 

Q 


OUTPUT 

Q 


NOTES; 

1.  H»e  pulse  {;encialor  has  the  followinp  characteristics:  Vgen  ® Vdd  * 
cycle  “ 5tfi,  txiJI  = ItHL—  20  »•.  and  jnilsc  repetition  period  = 5 

2.  Identical  switchini;  mcasui'cmenls  arc  obtained  from  F/F  No.  1 and  F 

3.  For  fcL  and  tp  the  pulse  repetition  period  is  variable. 


NOTES; 

1.  The  pulse  penerators  have  the  followinc  charadei  istics:  V^jen  = V'oD  *1%, 

tWl  = 1.  OiO.  1 fiS,  —20  "I  and  pulse  rtpctUlon  period  = 

S.  OiO.  5 ps. 

2.  The  reflet  pulse  delay  is  2. 5 lO.  25  ps. 

S.  Identical  switchiiH;  measurements  are  obtained  from  F/F  No.  1 and  F/F  No.  2. 


yOURE  B3.  SET-RESET  SWITCHING  TEST  CIRCUIT  AND  WAVEFORMS 


B16 


NOTES: 

1.  Pulse  pcnorator  No.  1 has  tlic  »ollowin(;  characteiislics;  Vpen  = VdD  *1". 

cycle  = tjLH  = iTIlb—  20  "•  ind  pulse  repetition  |)criod  = 5.  0 lO.  5 ps. 

2.  Pulse  Kcnerator  No.  2 lias  the  following  characteristics:  Vgen  = VdLi1-0^. 
cycle  = variable,  tTI.ll  tTHL— 20  « and  pulse  repetition  period  = twice 
that  of  pulse  generator  No.  1. 

3.  Identical  nicasurcinents  arc  obtained  from  F/F  No.  1 and  F/F  No.  2. 


FIGURE  B4.  SET-UP  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


B17 


NOTES: 

1.  Pulse  co'oator  No-  1 has  Oto  following  characteristics:  Vgen  = Vdd  ^ 

cycle  = SW,  t-j-y)  = liHL—  20  ns  and  pulse  repetition  period  =5.0  lO.  5 ps. 

2.  Pulse  generator  No.  2 has  the  following  characteristics:  Vpen  = VdD 

cycle  = variahle,  t-puj  = t-juL.— 20  ns  and  pulse  repetition  period  = twice 
that  of  pulse  generator  No.  ). 

3.  Identical  mcasurcincnts  arc  ol>Uiined  from  eiUier  F/F  No.  1 and  F/F  No.  2. 


FIGURE  B5.  HOLD  TIME  TEST  CIRCUIT  AND  WAVEFORMS 


TABLE  B9.  TEST  SPECIFICATIW  FOR  M38510/05401  (Continued) 


TABLE  B9.TEST  SPECIFICATIffl  FOR  M38510/05401  (Co 


PECIFICATIOMS  FOR  M3851 0/05401 


5 V 


Cl  =■  50  pF  ±S.  0 pF  (includes 
wiring  and  probe  capacitance) 


NOTES; 

1.  The  pulse  generator  has  the  following  characteristics:  Vgen=VQQ  +1%, 

duty  cycle=50%,  tjLH  * ^thL  ^ pulse  repetition  period  = 50+5ps. 

2.  See  table  B9  for  complete  terminal  conditions. 


FIGURE  B6.  Switching  Times  Test  Circuit  and  Waveforms 
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TABLE  B11.A.C.  TEST  LIST  FOR  1138510/05601, 


PARAMETER 

DYNAMIC  TEST 

Cl 

16-18 

1 

t PHL  1 

i 

t PHL  2 

20  1 

t PLH  1 

21 

t PLH  2 

22 

t ThL  1 

23 

I 

t THL  2 

24  1 

t TLK  1 

2b  i 

t TLn  2 

2t.  j 

i 

t SHL  1 

n i 

t SiiL  2 

2«  1 

t PHL  3 

{ 

t PHL  ; 

3i;' 

t TiiL  S 


1 


SPECIFICATIONS  FOR  M38510 


f.  LO«4  condttiM*:  • SO  pF*  • 200  IB. 

••tOS  i^lOc  0 R.  wt  frtpmwey;  100  nu<fto<1.0  fWi. 

S.  DfC0<p4  p-jtptftt  *1*  thrpwQlt  *9*  sMIl  bt  m 


INPUTS 


OUTPUTS 


Clock 

Clock 

enable 

Reset 

Dn-1 

Qn 

Nn 

"OK 

X 

H 

L 

X 

Qn-l 

Nn-1 

"OK-1 

X 

X 

H 

X 

L’ 

L 

H 

“V. 

X 

L 

X 

Qn-l 

Nn-1 

'OK-i 

L 

L 

L 

L 

N-ln-1 

"9K-1 

J~ 

L 

L 

H 

H 

N-ln-l 

"9K-1 

Oii“cFiIp 


N = any  decoded  output,  ”1"  through  "9". 


FIGURE  B7.  Truth  Table 


(No  change) 


(No  change) 
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klMt 


uot*  j\f\/\r\j\/tj\/\y\/\/\f\/\J\r  i$ii  non  >• 

*V — tSU  M>Tt  It 

‘^•!J r-x — (Sit  koit  II 

-in fo> \ 


u[«Sull(D 
OUTPUT} 
im  NOTE  )i 


Ctumr  Out 


NOT?.S; 

1.  Clock  input  pulse  conditions:  Vih  ' 14.5  V.  Vjl  = 0.5  V. 

2.  Reset  and  clock  enable  input  pulse  conditions:  Vji;  - 15  V,  Vj|^  ■ 0 V. 

3.  See  Table  84-3 tests  9 and  10,  for  output  voltage  levels  (Von2  and  VoL2  respcctivciy). 

FIGURE  B8.  liming  diagram 


cioc«  j\j\i\rLrx.-xnj\j\rLr^r^ru\j  istt  cotc  u 


V- 


INAULt 


•CSC! 

cioe«  

•0-  — 
*1*  _ 
*r  

*>*  ^ 
*4* 

*»■  m 



*»*  __ 
•i*  



(«*«v  o~ 


>r'~ 


-/jx- 


-OV 


-Tix. 


-rfu_ 


isrc  huT(  It 
l'.ff  NTH  II 


Vt«}u*Ctl 
Ou’  i>0’S 
ISrt  NOTt 


-ra. 


KOTES: 

1.  Clock  input  pulse  conditions:  Vjh  = 4.5  V,  Vjl  * 0.5  V. 

2.  Reset  and  clock  enable  input  pulse  conditions;  Vj^  * 5.0  V,  Vjl  = 0 V. 

3.  See  tableB4-3  tests  7 and  8,  lor  output  voltage  levels  (VoHl  and  VqlI  respectively). 


FIGURE  B9. 


Timing  diagram 


~rx- 


KOTES: 

1. 

2. 


CtOCK 

MSCT 
CtOCl 

••• 

•r  

***  IZ 

•s*  — 
•s* 

<«iwiT  oTir 




XJtitkl r~\ — 


-T3V- 


-nx- 


-Tp'U 


-r*v- 


-ra- 


-rr- 


-TIV. 


mi  hOTt  II 
ISlC  hOTt  II 
ISIC  MOTE  I. 


MONiTOPEO 
OUTPUTS 
ISIE  MOTE  Si 


Clock  and  reset  Input  pulse  conditions;  VlH 


3,5  Vat  25*C,  3,25  Vat  J 25*  C and  3.85  V at  -55*C; 


Clock  enable  Input  pulse  conditions;  Vifg"  ■ 

V|L  • 1.5  V. 

3.  Monitor  each  output.  Compliance  establi.slied  via  no  change  tn  state  of  the  observed  output  at 
•55*C  '•  " 125*C  during  clock  enable  duration  while  clocking.  Acceptable  output  voltage 

levels  from  which  to  monitor  a change  or  no  chajige  tn  stale  of  the  observed  output  shall  be  4.95  V 
minimum  for  a "I"  and  50  mV  maximum  (or  a "<t\ 


FIGURE  Bia  TIMING  DIAGRAM 


B32 


OUTPUT  Vdo 


5.0V 

CLOCK  INPUT 
OV  (SEE  NOTE  n 


OUTPUT(TTP» 


NOTES; 

1.  Clock  input  pulse  conditions:  0 to  Sp  voU  squarewave.  ( >>  450  kHz 

Q 25*  C and  -55*  C.  - 350  kHz  6 125*  C.  tr  and  tf  < 15  ns;  50  percent 
duty  cycle. 

2.  Connect  each  output  terminal  to  a load  circuit  as  shown. 

9.  Test  each  output  separately. 

4.  Load  conditions:  C^  *=  50  pF;  Rp  * 200k  Ohms. 

FIGURE  B13.  TRANSITION/PROPAGATION  DELAY  TIME  TEST  CIRCUIT  AND 
WAVEFORM  (CLOCK  INPUT  TO  OUTPUTS). 


Voo 


j^.Ous-^ 

eo«4 


jF\ 


5.0V 


aOCK  INPUT 
(SEE  NOTE  41 


^90% 

' *OV 

'tsHLZ  ^SHL2 
•5.0V 

RESET  OR  CLOCK - 
ENABLE  INPUT 
(SEE  N0TESIAND4) 


»Ov 


(MAX) 


NOTES: 

I.  When  applying  clock-eaible  input  )>ulsc  connect  reset  inptt  to  V3^  then 
applying  reret  inpit  pulse  connect  clock>enable  input  to  Vg^. 

9.  IXiring  tsHL2  •‘■'sL  tnooRor  output  terminal  2 only;  during  tgHLl 
monitor  each  output  separately. 

9.  Compliance  is  established  via  a change  of  state  at  the  examined  output. 

4.  Clock  input  puise  conditions:  0 to  5. 0 volt  squarewavc.  ( ■ 450  kHz 
0 25*  C and  -55*  C,  > 350  kHz  U 125*  C;  tr  and  U < 15  ns;  50  percent 
duty  cycle.  “ 


FIGURE  B14.  removal/set-up  TIMES  TEST  CIRCUIT  AND  WAVEFORM 
fftESET  AND  CLOCK-ENABLE  TO  CLOCK  iPuT)'. 


B34 


NOTES: 

1.  Reset  Input  pulse  condition;  tr  and  tf  < 30  ns. 

2.  Apply  clock  pulses  until  output  under  test  is  in  the  "1"  state 
(high  level  output  voltaijc  state). 

3.  Connect  each  output  terminal  to  a load  circuit  as  shewn. 

4.  Test  each  output  separately. 

5.  Load  conditions:  C|^  < SO  pF;  Rj^  ‘ 2001c  Ohms. 


FIGURE  B15.  PROPAGATION  DELAY  TIMES  TEST  CIRCUIT  AND  WAVEFORM  (RESET) 
INPUT  TO  OUTPUTS). 
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APPENDIX  C 


APPENDIX  C 

PARAMETER  CHARACTERIZATION 

Electrical  parameter  measurements  were  performed  on  all  devices  prior  to 
the  start  of  life  test,  during  life  test  and  at  the  conclusion  of  each  life 
test.  The  initial  and  final  data  was  summarized  for  each  device  life  test  and  is 
shown  in  Tables  Cl  thru  C24.  A comparison  was  made  to  detect  any  shifts  in 
parameter  values  which  would  have  occurred  during  each  accelerated  life  test. 

A shift  in  the  mean  parameter  value  between  the  pre-life  electrical  test 
and  the  post- life  electrical  test  was  not  unexpected  for  parameters  which  had 
a history  of  failures  during  the  interim  electrical  tests  since  in  many  cases 
a particular  failure  mechanism  will  cause  degradation  of  the  same  parameter  in 
all  the  test  devices.  Also  the  sample  size  for  the  post-life  test  electrical 
tests  has,  in  several  cases,  been  notably  reduced.  No  attempt  was  made  to 
deteniiine  the  mechanism(s)  which  caused  shifts  in  parameter  values  which  did 
not  cause  a device  to  fail  an  interim  electrical  test.  Mechanisms  for  failed 
parameters  are  discussed  in  Appendix  D. 

Long  tenii  stability  of  tlie  automated  test  equipment  was  verified  by 
testing  a control  sample  of  each  manufacturer's  device  prior  to  each  interim 
electrical  test.  Where  apparent  shifts  in  parai.ieters  occurred  whidi  did  not 
exhibit  electrical  test  failures  during  interim  tests,  the  data  was  compared 
to  the  control  data  to  determine  if  the  shift  in  data  was  due  to  test  set 
drift  or  variations  due  to  test  set  recalibration.  There  were  no  major  shifts 
which  could  be  attributed  to  parameter  degradation  which  did  not  result  in 
several  devices  failing  tliat  particular  parameter. 
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SAMPLE  SIZE  INCLUDES  39  DEVICES  THAT  FAILED 
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1.0  INTRODUCTION 


All  parts  that  failed  an  electrical  test  during  Step  Stress,  Lot  Accep- 
tance, and  Life  testing  were  analyzed  to  determine  the  particular  failure 
mode,  failure  mechanism,  and  probable  cause  of  failure.  The  general  analysis 
procedure  was  as  follows: 

1)  All  failed  parts  were  retested  on  the  Automated  Microcircuit  Tester 
to  verify  their  failure. 

2)  Room  temperature  failed  parameters  were  confirmed  using  a curve 
tracer  or,  if  necessary,  a bench  test  set. 

3)  The  failure  was  isolated  to  a specific  stage,  element,  and  junction 
to  the  extent  possible  via  external  pin-pin  curve  tracer  measure- 
ments. 

4)  Failures  were  classified  into  subgroups  on  the  basis  of  the  analysis 
findings  to  this  point. 

5)  A representative  sample  of  parts  {the  smiller  of  five  parts  per  lot 
or  the  entire  subgroup)  fran  each  identifianle  subgroup  was  subjected 
to  detailed  analysis. 

6)  Three  parts  or  the  excess  number  of  parts  over  five  in  each  subgroup 
per  lot,  whichever  was  less,  were  delivered  to  RADC. 

7)  The  remaining  samples  from  each  subgroup  were  subjected  to  the 
following  steps  to  confirm  their  categorization  and  to  obtain  any 
additional  infonnation: 

a)  Unpowered  Bake  - Each  part  was  subjected  to  an  unpowered  bake 
and  retested.  The  exact  time  and  temperature  of  the  bake 
depended  on  the  time  and  temperature  at  which  the  failure 
occurred.  Usually,  an  overnight  bake  (16  hours)  at  the  test 
temperature  sufficed. 

b)  Leak  Tests  - Each  part  was  sub’ected  to  a helium  bomb  fine  leak 
test  and  a fluorocarbon  gross  leak  test. 

c)  Oelidding  - Each  part  was  delidded  and  subjected  to  routine 
optical  examinations  and  documentations. 

During  this  program,  981  failures  occurred.  A total  of  679  failures  were 
the  result  of  excessive  at  25°C  caused  by  a reversible  surface  related 
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mechanism.  Analysis  of  these  679  failures  proved  very  difficult  and  time  con- 
suming. The  failures  in  two  device  types  (the  Manufacturer  B 4001  and 
Manufacturer  D 4008)  could  not  be  classified  into  subgroups  externally.  In 
four  device  types,  external  troubleshooting  of  the  failures  indicated 
that  8 to  15  possible  subgroups  existed.  The  failures  were  usually 
caused  by  one  or  more  leaky  circuit  transistors.  The  nature  and  location  of 
the  leakage  was  such  that  it  could  only  be  pin-pointed  by  die  level  probing. 
Because  of  the  complexity  of  the  devices  and  because  in  many  instances  the 
leakage  was  unstable  (decaying  with  time),  die  level  severing  and  probing  was 
not  undertaken  unless  methods  of  externally  pin-pointing  the  leaky  transistor 
or  stage  could  be  developed  and  a sufficient  quantity  of  failed  parts  were 
available. 

Due  to  the  complexities  and  difficulties  encountered  in  analysis  of  the 
25°C  failures,  most  of  the  parts  that  exhibited  only  +125°C  or  -55°C  para- 
metric failures  were  not  analyzed  in  detail,  but  were  baked  and  retested. 

Also,  in  the  4008  and  4017  device  types,  a few  random  failure  types  (those 
displayed  by  only  one  or  two  parts)  were  not  investigated  in  detail  in  order 
to  concentrate  on  the  25°C  failures. 


2.0  FAILURE  ANALYSIS  OVERVIEW 


Summaries  of  the  failure  analysis  results  for  each  device  type  are  con- 
tained In  Tables  D1  through  08.  Each  table  contains  a brief  description  of 
the  failure  symptoms,  failure  mode,  failure  mechanism,  and  cause  of  failure 
for  each  type  of  failure  displayed  by  each  device  type  during  this  program. 

The  last  column  in  each  table  lists  the  paragraph  number  of  the  analysis 
report  that  discusses  each  type  of  failure  in  detail.  Certain  types  of  fail- 
ures contain  no  detailed  discussion.  Failure  modes  which  are  self-explanatory, 
such  as  pin  broken  off,  inadvertent  removal,  retest  OK,  etc.,  are  discussed  in 
detail  only  the  first  time  such  modes  appear  on  the  tables.  Also,  the  +125C®/ 
-55°C  only  failures  and  the  4008/4017  random  failures  that  were  not  analyzed 
in  detail  are  listed  in  the  tables,  but  are  not  discussed  further  in  the 
reports. 
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■ TABLE  D3.  MANUFACTURER  C 401 3B  FAILURE  ANALYSIS  SUMMARY 
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0.  CAUSE  OF  FAllUAC 

OMiniTtDt /AIUIIU  ILIAIUHE  tlH  MUlLlUD  TEST  ecu.  _ _ 

F/A 

FMtA 

A£F 

LOT 
ACCCFT 
LOT  C 

ACCCLEU 

iTtD  L£ff 

STFF  tratss 

LflI_A J 

. - LOTI  

LOT  A 

LOT  8 

LOT  C 

2$0^ 

2S0t 

225t 

1ES*C 

250t 

22St 

126t 

A.  Ijj  [183  or  Ijj  [183  A [183 
8.  Cictsslvt  in  m K-CWmu1 

*0N*  TrtftsUtor 

C.  Cation  Drift 

D.  Cation  Contaalnatlon  in  tha 
fittt  Oxidt 

4 8 120 
28  2S0 

1 8 120 

3 8 4 
1 86 

1 8 120 
1 8 2S0 
3 8 SOO 
3 8 1000 
8 8 2000 

3 8 4 

1 8 1000 
2 8 2000 
3 8 4000 

3 8 120 

5.1 

5.1.1 

A.  Ijs  [!•]  or  Ijj  [183  l.[193 
8.  Cictitivt  Iqjj  fn  a F^Channol 
*ON*  Transistor 
C*  Cation  Drift  or  Ol80la 
folarlaatlon 

0.  Cations  or  OlpoUs  in  tha  Oxida 

1 8 120 
1 8 2S0 

1 8 2000 

1 8 4 
1 864 
1 8 2S0 

1 8 2S0 

1 8 SOO 

1 8 1000 
1 8 2000 

2 8 4000 

1 8 1000 

S.l 

S.1.2 

A.  Ijj  [17]  Md/or  Ijj  [18] 
«d/Or  Ijj  [U] 

8.  D*«rtMd  Oralll  or  O-Otll 
«AMctlon 

Co  CKar^a  Saparatlon 
0.  Ionic  Contaolnatlon  In  tlm 
Fattivatlon 

2 8 4 
2 8 64 

2 8 2000 

1 8 8 

1 8 :ooo 
•1  8 4000 

1 8 4 
1 8 64 

1 8 2S0 

S.l 

s.l. 3 

A.  Ijj  [173  and/or  Ijj  [18] 
and/or  Ijj  [193 
1.  tMno«n  (Aacevorod) 

Co  Swrfaca  Instability 
8.  Frobably  Ionic  Contm. 

1 8 17S*C 
1 8 »0*C 

2 8 27S*C 

1 8 4 

1 8 U 
1 8 2000 
•1  8 4000 

1 8 4 

*2  8 2S0 

S.l 

S.l.J 

*■  'iMl 

8.  Cxcassiva  l^jj  In  U 
C.  Cation  Drift 

8.  Cation  Contaninatlon  in 
tua  Gata  Oxida 

1 8 120 
1 8 2W 

1 8 32 

1 8 2S0 
1 8 100 

2 8 lOOO 

3 8 2000 
1 8 4000 

2 8 2S0 

3 8 2000 

2 8 4000 

1 8 120 

6.2 

*1W- 

8.  Cicdisiva  Ipjj  In  81 

C*  Cation  Drift  or  Folarliatlon 
8o  Cations  or  Olpolat  In  tba  Oxida 

1 84 

1 8 6000 

6.2 

*■  'ill 

1,  Channalod  Input  Frotact  Olodd 
C<  CAarfa  Saparatlon 
8.  Ionic  Contaninatlon  In  tAa 
Fassivatlon 

1 8 120 

I.S 

*ai  *ss 

1.  8in  Shertod  to  Hmdar 

Co  8|  ladwctlon  and  Fracipitatlan 

8.  8^  Class 

1 8 2000 

1 8 4000 

2 8 1000 

6 8 2000 
3 8 4000 

1 8 SOO 

1 8 4000 

S.3 

A.  and  Ijj 

1.  Oaoradad  NIS 
Co  Frobably  AI«S1  A11oy1n| 

0.  ftisraslsltrtd  Obnic  Contoet 
wlndOM 

2 8 1/St 

S.4 

*•  'iKl 

8.  Sbortad  Cata  In  M 
Co  Olalactrlc  Brtakdonn 
8o  Frobably  a Ttanslant  or  Static 
Dlicbarfa 

1 8 120 

S S 

'iKl 

8*  Oa^radad  Input  Frotact  Oloda 
C.  Frobably  Fitctrical  Ovarstress 
0.  dot  Dtltminad 

1 8 6000 

S.S 

I.  y*X.  >tc-a:n»d 
C.  Not  Ortcmlnad 
Do  Not  Octamlnad 

1 8 6000 

“1 

S.S 

*■  ».c* 

I.  Oar^jad  Obnic  Contact 
Co  Elactrical  0«arstrass 
8.  Sot  Oatamlnad 

! 8 2000 

S.S 

1 ♦I7S*C  FAmniS  - NOT  WlAL»7FD  ]R  WT4R 

*■  0«lj  - 

8aka  ltco«arad 

1 8 4000 

7 8 «p00 

total  H^mit  OF  FAIUO  FAATS 

2 

2 

2 

9 

20 

18 

1 

3/ 

27 

4 

•1»*C  Only 


TABLE  D4.  MANUFACTURER  B 401 3B  FAILURE  ANALYSIS  SUMMARY 


TABLE  D6.  MANUFACTURER  A 4017  FAILURE  ANALYSIS  SUMMARY 


A.  fAlUD  PMAMCmtS  OA  STMAnWS 

H'Jiaaia 

■■HBi 

■iHHB 

1.  FAIUM£  MOQC 

m 

D.  CAUSE  or  FAItUK 

STEP  STRESS 

■C13i 

■liAJBBBHHB 

pm 

muMMm 

■ ^ 11  M 

li  mm 

m^m 

'ji^M 

■ iilC 

■ Ttk’MI 

Mr 

»•  'sS-  *1H.  «■  »00 

1.  PlA-PtM  Slwrt 

C.  Pb  A«4yctlon  PrKlpiUtlM 

(DtndrtU  GrwKA) 

0.  Pb  GUu 

1 0 1000 
2 0 2000 
4 0 3000 

1 0210 

1 0 soo 

2 0 2000 
2 0 4000 

■ 

3 0 3000 

1 0 1000 
30  2000 
3 0 4000 

■ 

*.1 

A.  ¥oh2 

1.  N-Cb4iiMl 

OuttMit  1r«nilitor 
C.  CjOM  Drift 
0.  ID  Um  GtCt  ttklM 

m 

■ 

m 

■ 

1 • 4 

1 0 500 

2 0 2000 

1 04 
1 0 8 

1 0 120 

■ 

1 0 4 

■ 

M 

«.  Iss 

1.  Not  Oottralntd  (Not  AMlyiotf) 
Cl  SorfK*  Instability 
(8At  Accovornbln) 

D.  Probobly  Ionic  ContMiMtIon 

1 # 2M*C 

1 • 120 

1 0 4 

1 0 120 

2 0 1000 
1 0 2000 

1 0 M 

1 0 2«0 
1 0 SOO 
1 0 1000 
1 0 2000 

1 0 120 

1 0 M 

■ 

■ 

M 

A.  Vqh2  CntiStropNIc 
•i  nnd  C.  Nont  (Attttt  CK) 
0.  Tttt  Error 

1 0 1000 

1 tANDON  fAILURES  AM  *12*C/-SS*C  .'AlLUAES  THAT  UEIE  NOT  ANALV2EO  IN  KTAU 

A.  1^3  • •&S*C  or  *12S*C  Only  . 
bat  Ancovtrtd 

7 0 120 
2 0 3000 

2 0 2W 
2 0 4000 

3 0 110 
1 0 3000 

A.  • -S5*C  or  ♦i:s*C  Only  - 

•«Et  Rtcovcrtd 

1 02S0 
1 0 3000 

A.  Trwtb  Tobit  Errors 

S»  120 

1 0 2000 

*•  <SH2 

10210 

TOTAL  NUMEA  OF  FAUEO  PANTS 

1 

0 

0 

3 

20 

u 

2 

1 

0 

0 

TABLE  D7.  MANUFACTURER  D 4008  FAILURE  ANALYSIS  SUMMARY 


A.  TAUeO  PARAMETERS  OR  SYMPTOMS 

B.  failurc  mode 

c.  failure  mccmamsm 

0.  CAUSE  OF  FAILURE 

QUAMTITY  fl 

f FAILURE^ 

tl  FAIlWIt  ir«  (HOWS)  A»  TEST  CELL 

F/A 

PARA 

REF 

LOT 

ACCEPT 
LOT  C 

KCELtRATED  LIFE 

STEP  STRESS 

lm  a 

LOT  B 

LOT  A 

LOT  B 

LOT  C 

2WC 

250*C 

225*C 

125*C 

250*C 

225*C 

125*C 

*•  ‘ss 

B.  Rot  D«tem1r»d 

C.  Surface  Instability  (Bak* 
Recoverable) 

0.  Probably  Ionic  ContiMlnatlon 

2R120 

2R2SO 

8RSOO 

20A1000 

1R64 

SRIOOO 

12*2000 

10*4000 

1*16 

1*120 

1*250 

26*500 

2*500 

23*2000 

9.1 

*•  *IHl 

8.  ^e^raded  Input  ProtKtIon 
Oiode 

C.  Electrical  Overstress 
0,  £»cess’ve  Fonvarj  Current  due 
to  Open  Cnassis  Solder  Joint 

1R3?H/?00*C 

1R120 

1R120 

IP250 

1*32 

lASOC 

1*IDOO 

1*2000 

1*4000 

2*64 

1*250 

IN 

1*16 

2*250 

1*500 

9.2 

*•  ^H1  'ul 
6<  Channeled  Input  Protection 
Oiode 

C.  Charge  Separation 
0.  Ionic  Contamination 

1R120 

3R2S0 

1P2S0 

laiOOO 

1*120 

1*1000 

1*4 

1*120 

1*250 

1*500 

1*2000 

9.3 

A.  V.j  • 

6.  A Ca  Rone  (Reteat  OK) 
0.  T«$i  Error 

- 1 

1*1000 

A.  none 
8.  Rone 
C<  Rone 

Oa  inadvertent  Reeioval 







♦I?S 

♦C/-5S*C  FAILURES  THAT  WRE  NfU  ANAlt?F0  IN  DETAIL 

A,  A *1?S»C  Only  - 

Bj>e  Recovered 

. 

ftMaOOO 

j aeaOOO 

j 

A.  Ijj  R ♦IJS'C  or  -S5*C  Only  - 
Bake  Recovered 

3RI20 

AA?50 

?A)?0 

3R?SO 

l»)non 

2*120 

3*250 

2*120 
, l*2*.p 

3R120 

l«2f>F’0 

; ipaooo 

1 

j 

lO^AL  NUMBER  Of  iAIlFO  PARTS 

0 

1 

1 

«D 

*0 

7 

37 

10 

5 

un 
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3.0  4001  QUAD  TWO-INPUT  NOR  GATE  - MANUFACTURER  A 


3.1  1^3  FAILURES  - SURFACE  INSTABILITY  (CATION  DRIFT) 

One  hundred-six  parts  (44  Lot  A,  61  Lot  3,  1 Lot  C)  failed  due  to 
excessive  quiescent  current,  inputs  low  (I^^  [19]).  The  failed  values 
ranged  from  1.03  to  291  microamperes  and  all  failures  were  bake  recoverable, 
indicative  of  a surface  instability  mechanism. 

The  excessive  I^^  was  traced  to  high  1^^^  in  two  transistors  of  each 
NOR  gate  of  the  device.  In  each  part,  the  N1  transistor  of  NOR  gates  A and  C, 
the  N2  transistors  of  NOR  gates  B and  D,  and  the  N4  output  transistors  of  each 
NOR  gate  had  degraded.  For  example,  S/N  A213  exhibited  an  I^^  value  of  3100 
nA  (at  Vpp  = 15  V)  after  64  hours  in  250°C  life,  as  shown  in  Figure  01. 

Each  NOR  gate  in  the  part  was  contributing  approximately  700  to  800  nA  of 
leakage.  The  N1-N2  transistor  pair  of  NOR  gate  A was  isolated  from  the  rest 
of  the  circuit  and  measured.  Ipj.j.  of  the  pair  was  350  nA  at  =15V  and 
the  vs.  characteristic  was  channeled,  as  shown  in  Figure  02. 

Because  the  two  transistors  shared  a common  drain  diffusion  and  because  their 
sources  were  shorted  together  via  an  n+  diffusion,  the  individual  of 

each  transistor  could  not  be  measured  directly.  However,  the  leakage  could  be 
isolated  to  a specific  transistor  by  isolating  the  gate  terminals  and  applying 
a negative  voltage  to  each  gate  in  turn.  A of  -4  VOC  applied  to  N1 
(with  Vg^  =0V  on  N2)  pinched  off  the  leakage  to  zero  nanoamperes,  whereas  -4 
VDC  applied  to  the  gate  of  N2  had  no  effect  on  1^^^  of  the  pair.  This 
established  that  N1  of  the  pair  was  degraded  and  that  the  anomalous  current 
was  caused  by  inversion  of  the  region  beneath  the  gate  stripe.  Examination  of 
the  threshold  voltage  characteristics  of  each  transistor,  shown  in  Figure  D3, 
disclosed  that  the  threshold  voltage  of  N1  was  low  compared  to  that  of  N2. 

This  indicated  that  the  inversion  was  located  in  the  channel  region  of  the  N1 
transistor.  Further  investigation  of  S/N  A213  disclosed  degradation  in  the 
N1  transistor  of  gate  C,  the  N2  transistor  of  gate  B,  the  N2  transistor  of 
gate  D,  and  the  N4  transistor  of  each  gate  siniular  to  that  displayed  by  N1  of 
gate  A.  A 16  hour,  250°C  bake  of  the  part  caused  the  degraded  transistors  to 
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2 mA/DIV 


= 0.2  VOLTS/DIV.  S/N213(64HRS/250°C) 

FIGURE  D3  - THRESHOLD  VOLTAGE  CHARACTERTSTICS 
OF  N1  (L/H)  AND  N_2  J.R7HJ  OF  GATE  A 
0F_  S/N  A213.  _ VjH  CHARACTERISTIC  = 

!QS  V3-  Vns  VgS  . 


630X  S/N  B223  (16  HRS/225"C) 


EJGUEE  04  - EXAMPLE  OF  A_GATE  A N1  TRANSIS- 
TOR (.0EGR_ADED)  AND  N2  TRANSIS- 
TOR (NORMAL)  AFTER  METALLIZATION 
REfWVAL . 


Tl'; 


recover  and  microscopic  examination  of  the  transistors  before  and  after 
removal  of  the  metallization  disclosed  no  visible  anomalies.  A typical  gate 
A,  N1-N2  transistor  pair  of  a failed  device  after  removal  of  the  metallization 
is  shown  in  Figure  D4. 

During  step-stress  and  life  test  of  the  4001,  input  pins  1,  5,  8,  and  12 
were  biased  high  and  input  pins  2,  5,  9,  and  13  were  biased  low.  This  applied 
+15  VDC  across  the  gate  oxide  of  the  N1  transistors  of  gates  A and  C and  the 
N2  transistors  of  gates  B and  0.  The  output  of  each  gate  was  low,  thus,  each 
N4  output  transistor  also  had  had  +15  VDC  across  its  gate  oxide.  Therefore, 
it  was  concluded  that  the  gate  oxide  of  the  transistors  contained  cation 
contamination,  probably  sodium  ions.  In  the  transistors  with  a positive  field 
across  the  gate  oxide,  the  cations  f .'ifted  to  the  Si/SiO^  interface.  The 
accumulation  of  positive  charge  at  the  interface  inverted  the  underlying 
p-type  channel  region  causing  an  increase  in  1^^^^  and  a reduction  of  the 
threshold  voltage.  During  the  [19]  test,  all  eight  affected  n-channel 
transistors  are  in  the  off  state,  consequently,  the  measured  value  is  the  sum 
of  all  eight  currents. 

3 2 '"Allures  - surface  instability  (charge  separation) 

Three  parts  failed  due  to  excessive  one  part  failed  due  to 

excessive  IjLp  and  two  parts  failed  due  to  excessive  Ij^j  and  Ijj^, 
during  accelerated  life.  The  Ijj^  failures  were  traced  to  a degraded  Input- 
to-Vj^^  protection  diode  (D3  or  D6)  and  the  Ijj^  failures  were  traced  to  a 
degraded  input- to- protection  network  (D1/D2/R1  or  D4/U5/R2).  The 
degraded  diodes  exhibited  channeled  or  exponential  reverse  leakage  and  the 
leakage  recovered  after  baking.  The  degraded  diodes  had  been  reverse  biased 
during  life  test  (the  Ij^  failures  occurred  at  inputs  that  were  connected  to 
+15  volts  and  the  Ij^  failures  occurred  at  inputs  that  were  grounded  during 
life-).  Thus,  the  degradation  probably  was  caused  by  mobile  ions  in  or  on  a 
passivation  layer  which  separated  in  the  fringing  field  of  the  reverse  biased 
junction  and  inverted  the  underlying  silicon. 
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3.3  Iih/Iil/IsS  failures  - PIN-PIN  SHORTS  (LEAD  PRECIPITATION) 


Eleven  parts  (6  Lot  A and  5 Lot  B)  failed  I in,  Iil.  and  1$$  [17]  or 
Iss[l®]  during  accelerated  life.  Each  failure  was  caused  by  a high  resis- 
tance (kilohm)  short  between  one  input  pin  and  its  respective  output  pin.  Due 
to  the  short,  the  input  pin  was  connected  to  an  "on"  transistor  of  the  output 
stage  during  measurement  of  Iili»  Iih1»  ISS  [17]  o''  ISS  [18]*  This 
resulted  in  excessive  Ijh  and  Ijl  current  at  the  input,  as  shown  in  Figure 
D5a  and  D5b  and  excessive  1$$  [17]  or  I$s  [18]  current  (depending  on  which 
input  was  shorted)  as  shown  in  Figures  D5c  and  D5d.  Two  parts  contained  a 
short  between  pin  2 (input)  and  pin  3 (output),  two  parts  contained  a short 
between  pin  5 (input)  and  pin  4 (output),  one  part  contained  a short  between 
pin  12  (input)  and  pin  11  (output),  and  three  parts  contained  a short  between 
pin  13  (input)  and  pin  11.  The  exact  location  of  the  short  in  three  parts  was 
unknown  because  the  short  had  cleared  prior  to  analysis. 

The  shorts  were  traced  to  conductive  paths  in  the  glass  frit  used  to 
seal  the  package.  Each  part  contained  grey  deposits  on  the  exterior  of  the 
glass  seal  and  discoloration  of  the  tin-plated  external  leads,  as  illustrated 
in  Figure  06.  These  conditions  were  not  present  in  unstressed  parts,  but 
removal  of  the  grey  deposits  did  not  cure  the  shorts.  Cross-sections  of  the 
packages  revealed  dark  stains  in  the  glass  emanating  from  the  internal  lead 
frame  members,  as  illustrated  in  Figure  07.  The  leads  that  were  shorted 
together  always  contained  a bridging  trail  of  stain  between  the  leads.  Under 
SEM  examination,  the  stain  appeared  to  be  a dendrite  growth,  as  shown  in 
Figure  08.  The  largest  concentration  of  growth  always  occurred  at  the  package 
leads  that  were  most  negatively  biased  (grounded  inputs  or  low  outputs) 
indicating  a probable  electrolytic  reaction.  SEM  X-ray  analysis  of  the  glass 
disclosed  that  it  contained  lead  (Pb)  and  zinc  (Zn)  indicating  that  it  probably 
was  a PbO  - ZnO-  B2O3  glass.  These  findings  indicate  that  the  growth  most 
likely  was  caused  by  reduction  of  lead-oxide  in  the  glass  and  precipitation  of 
Pb  (a  positive  ion)  in  the  vicinity  of  the  negatively  biased  package  leads. 

The  package  contains  two  lead  (Pb)  reducing  agents,  the  aluminum  plating  on 
the  internal  portion  of  the  lead  frame  and  the  tin  plating  on  the  external 
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a)  l,Hi  TEST 
+15V 


b)  1 1 LI  TEST 
+15V 


FIGURE  D5. 


DIAGRAM  or  ONE  GATE  SHOWING  THE_  PATH  OF  THE  EJ(CESSJ_VJ_C]^RR^^^^^^ 

TaYh  LEAYACr  CURRINT  TEST  AFTe'CTED  BY  AN  INPUT  TO  OUTPUT  SHORT  (R^ 


TTT ! TT  f 


S/N  A242  (2000  HRS/250°C) 


FIGURE  06  - GREY  DEPOSITS  (ARROW)  ON  THE  GLASS 
FRIT  AND  DISCOLORED  LEADS  TYPICAL 
OF  THE  PARTS  WITH  SHORTED  PINS. 


lOX  S/N  A242  (2000  HHS/250''C) 

FIGURE  _D^-  CROSS-SECTJON  OF  THE  PACK.AGE  SHOWING 
DARK  STAIN  around  THE  LEADS.  THJA 
PART  CONTAINED  A SHORT  BETWEEN  PINS 
iJ<Q_5_ANb  HAS  A" BRIDGING'  SIAIH 
(ARROW)  BEfkEN  PINS  4 AND  5. 
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24X  S/N  A135  (4000  HRS/225°C) 

FIGURE  OR  - $EM  PHOTO  OF  THE  STAIN. 


250X  (SEM-1.3  K.V.)  S/N  A225  (4  HRS/250°C) 

FIGURE  _DQ  - EXAMPLE  OF  SILICON  LASER  SCRIBE 
HILLOCK  (ARR0WJ_AT  THE  FARU^ 
SITE  EXPOSED  BY  LIFTING  THE 
ALUMINUM  WIRE. 
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portion  of  the  lead  frame;  however,  no  obvious  reducing  medium  (electrolyte) 
was  found.  The  electrolyte  may  have  been  simply  trace' amounts  of  moisture 
entrapped  in  the  glass. 

3.4  IiL  FAILURES  - WIRE-TO-DIE  SHORTS 

Two  Lot  A and  three  Lot  B parts  failed  due  to  excessive  Ijli  ranging 
from  350  nA  to  1400  nA  (maximum  measurement  capability)  during  accelerated 
life  test.  In  each  instance,  the  leakage  was  caused  by  a high  resistance 
short  (0.5  to  43  megohms)  between  an  input  pin  and  Vqd.  The  shorts  were 
traced  to  contact  between  the  aluminum  interconnect  wire  and  the  edge  of  the 
silicon  die  (which  is  connected  to  Vdo). 

In  four  of  these  parts,  the  aluminum  wire  shorted  to  a hillock  of  melted 
silicon  from  the  laser  scribe  operation.  Figure  09  shows  an  example  of  a 
hillock,  exposed  by  bending  back  the  aluminum  wire.  This  hillock  protruded 
eight  microns  above  the  die  surface.  Figure  DIO  shows  the  hillock  from 
another  view  and  indicates  the  point  of  contact  on  the  wire. 

In  one  part,  the  wire  was  shorted  to  the  unpassivated  kerf  area  of  the 
die.  Lifting  the  wire  cleared  the  short  and  exposed  a residue  at  the  point  of 
contact  in  the  kerf,  as  shown  in  Figure  Dll.  This  indicated  that  the  wire  had 
shorted  to  some  entrapped  particulate  matter. 

In  each  case,  the  wire-to-die  short  was  caused  by  insufficient  clearance 
between  the  wire  and  the  kerf  due  to  the  presence  of  laser-scribe  hillocks  or 
a contaminant  particle.  The  failure  mechanism  probably  involved  sagging  or 
flexing  of  the  aluminum  wire  during  life  test  until  the  wire  contacted  the 
hillock  or  particle. 

3.5  MISCELLANEOUS  FAILURES 

One  Lot  A part  failed  Iss  [17],  Iss  [18],  and  Ijs  [19]  and  Vql's 
and  Vqh's  at  pin  4 after  the  16  hour,  175®C  step  during  step-stress.  The 
failures  were  caused  by  a condition  in  gate  A that  caused  the  n-channel  and 


D21 


S/N  B?51  (4000  HRS/225"C) 

RESIDUE  IN  THE  KERF  (ARROW)  AJ 
THE  POINT  OF  THE  SHORT  (AFTER' 
REMOVING  THE  WIRE). 


256X 

FIGURE  0)1 


the  p-channel  transistor  of  the  output  stage  (N4  and  P4)  to  both  conduct 
simultaneously  during  the  parameter  measurements.  A 16  hour,  250°C  bake  did 
not  improve  the  condition.  Delidding  the  part  and  removal  of  the  glassivation 
did  not  affect  the  failure  mode,  but  when  the  output  stage  was  probed,  the 
part  completely  recovered.  Examinations  of  the  output  stage  disclosed  no 
explanation  for  the  failure  and  the  failure  could  not  be  re- induced.  No 
similar  failure  occurred  during  accelerated  life.  Consequently,  the  cause  of 
this  failure  was  not  determined. 

One  Lot  A part  failed  due  to  an  open  pin  7 (V^^)  after  4,000  hours  at 
225°C.  Examination  of  the  part  disclosed  that  the  pin  7 aluminum  stripe  had 
migrated  open,  as  shown  in  Figure  012.  The  stripe  contained  migration  voids 
in  several  areas  and  no  other  part  examined  displayed  this  condition  after 
accelerated  life  indicating  that  the  electromigration  probably  was  caused  by 
excessive  current  in  this  part  rather  than  any  stripe  deficiency. 
Examination  of  the  life  test  monitor  reading  disclosed  that  the  part  was 
drawing  276  inA  after  reaching  temperature  at  the  start  of  the  final  2000  hour 
period  (2000  hours  - 4000  hours).  Nominal  current  is  about  0.2  loA.  After 
4000  hours,  the  current  had  dropped  to  13  mA  at  temperature  which  was  still 
excessive.  Examination  of  the  part  had  disclosed  no  deficiency  which  could 
account  for  the  excessive  current.  Possibly,  the  excessive  correct  was  caused 
by  an  interriiittent  external  pin  7 chassis  solder  joint  which  allowed  a 

pair  of  complementary  transistors  to  conduct  simultaneously  as  described  in 
Section  4.3  of  this  appendix. 

Four  Lot  C parts  failed  ^ 2 at  +12b“C  only.  Two  of 

these  parts  also  failed  at  pin  11  at  +125°C  only.  All  four  parts  failed 
at  120  hours  during  Lot  C acceptance  testing.  All  four  parts  were  left  on 
test  to  250  hours.  As  shown  in  Table  09,  the  failed  parameters  in  each  part 
returned  to  their  pre-stress  values  at  250  hours.  The  complete  recovery 
indicates  that  the  failures  were  probably  caused  by  a test  set  malfunction 
rather  than  by  any  part  deficiency. 
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256X  S/N  A102  (4000  HRS/225°C) 

FIGURE  DP  - ELECTROMIGRATION  VOIDS  (ARROWS) 
IN  THE  PIN  7 STRIPE. 
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TABLE 

D9.  PARAMETER 

HISTORY  OF  THE  1 

Mi 

PARAMETER 

SPECIFIED  LIMIJ 

C35 

IlH2  (2) 

1.0  uA  MAX 

Vqhi  (11) 

4.6V  MIN 

C42 

IlH2  (1) 

1.0  pA  MAX 

VOHl  (11) 

4.6V  MIN 

C43 

IlH2  (1) 

1.0  uA  MAX 

C52 

IlH2  (1) 

1.0  uA  MAX 

C 120  HOUR  FAILURES  A' 

ME  AS  JR  ED  VAL  UE  S.  (+1  ?.5“^ 


120  HOUR 

250  HOUR 

0.001  pA 

63.102  pA 

0.006  pA 

4.933  V 

3.421  V 

4.933  V 

0.036  pA 

8.490  pA 

0.031  pA 

4.934  V 

3.506  V 

4.933  V 

0.036  pA 

8.998  pA 

0.031  pA 

0.033  pA 

6.898  pA 

0.032  pA 

3.6  TEST  ERRORS 

Two  Lot  B parts  were  removed  from  test  because  one  or  two  of  their 
package  leads  were  accidently  broken  off  during  parametric  testing. 

One  unfailed  Lot  A part  was  inadvertently  removed  from  test  after  32 
hours.  The  error  was  discovered  too  late  to  return  the  part  to  life  test. 

One  Lot  A part  failed  Vql3  at  pin  10  and  at  pin  11  after  500  hours  at 
225®C.  The  measured  values  were  14.232  to  14.399  volts  (specified  limit  = 1.5 
volts  maximum).  A bench  test  of  the  part  disclosed  that  Vo[.3  at  pin  10  and 
at  pin  11  was  0.00  volts  (nominal).  Further  electrical  tests  and  examination 
of  the  part  disclosed  no  sign  of  an  intermittency  which  could  account  for  the 
failures.  Consequently,  this  failure  was  probably  caused  by  a faulty  test 
socket  or  a test  set  malfunction. 
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4.0  4001  QUAD  TWO-INPUT  NOR  GATE  - MANUFACTURER  B 


4.1  IjL»  and  failures  - NONHERMETIC  PACKAGE 

Forty-six  parts  (17  Lot  A,  27  Lot  B,  and  2 Lot  C)  failed  during  life 
test  because  they  contained  or  developed  leaks  in  the  package  seal  which 
allowed  moisture  to  enter  the  package.  Forty-four  parts  were  gross  leakers 
and  two  parts  exhibited  only  a fine  leak.  One  part  contained  no  visible  leak 
path,  but  in  the  other  45  parts  the  leaks  were  traced  to: 

1)  cracks  in  the  glass  seal  (27  parts),  as  illustrated  in  Figure  D13, 
due  to  thermal  expansions  and  contractions  of  the  package  during 
insertion  and  removal  of  the  parts  from  elevated  temperature  (all  27 
parts  failed  at  or  after  the  250  hour  test  point  or  7 cycles). 

2)  gaps  along  the  interface  of  the  glass  seal  and  the  lead  (10  parts), 
as  illustrated  in  Figure  D14,  due  to  fracturing  of  the  glass  meniscus 
during  lead  fonning  (all  28  parts  failed  at  or  before  the  250  hour 
test  point)  and  probably  propagation  of  cracks  into  the  packages. 

3)  voids  in  the  lid  seal  (8  parts),  as  illustrated  in  Figure  D15,  due  to 
deficiencies  in  the  lid  seal  operation. 


The  moisture  that  entered  the  package  caused  three  types  of  failure 
modes /mechanisms.  Thirty-four  parts  failed  due  to  excessive  1^^  L17j 
and/or  L18]  and/or  L19].  All  34  parts  recoverd  when  baked,  thus, 
the  ultimate  mechanism  in  these  parts  probably  involved  charge  separation  or 
drift  of  mobile  ions  brought  in  by  or  accelerated  by  the  moisture.  Ten  parts 
failed  due  to  excessive  and/or  caused  by  inversion  of  an  input 
protection  network  and  moisture  trails  across  the  networks.  These  parts 
recovered  when  baked  or  delidded.  One  part  failed  due  to  an  open  pin  13  and 
one  part  failed  due  to  an  open  pin  7 and  pin  9.  The  opens  were  traced  to  wire 
bonds  at  the  lead  frame  that  had  corroded  open  in  the  presence  of  the  moisture, 
as  illustrated  in  Figure  016. 
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lOX  (SEM)  S/N  A91  (250  HRS/250°C) 

FIGURE  D14  - EXAMPLE  OF  GAPS  AT  THE  GLASS 
SEAL  MENISCUS. 


37X  (SEM)  S/N  B154  {1000  HRS/250°C) 

FIGURE  D15_  - EXAMPLI  OF  SOLDER  VOIDS  IN  THE 
LID  seal. 
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4.2  1^5  FAILURE  - SURFACE  INSTABILITY 

Sixty-five  parts  (58  Lot  A and  7 Lot  B)  failed  during  step-stress  and 
accelerated  life  due  to  excessive  1^^  current(s).  One  part  failed  I^^ 

[17]  only,  five  parts  failed  I^^  [18]  only,  13  parts  failed  1^^  [19]  only, 
seven  parts  failed  1^^  [17]  and  I^^  [18],  19  parts  failed  1^^  [18]  and 
Iss  [19].  and  20  parts  failed  I^^  [17],  I^^  "18]  and  1^^  [19].  The 
failed  values  ranged  from  1.01  to  848  microamperes.  All  the  failures  were 
reversible,  indicative  of  a surface  related  mechanism. 

Some  major  obstacles  wer?  encountered  during  analysis  of  these  parts. 

The  unfailed  I^^  currents  in  most  of  the  parts  were  quite  high  and  often 
approached  the  value  of  the  failed  I^^  currents.  In  all,  46  parts  exhibited 
high  or  failed  values  for  all  three  I^^  parameters.  Consequently,  the  1^^ 
tests  were,  in  general,  of  no  use  in  troubleshooting  the  parts  externally  (at 
least  one  I^^  parameter  must  be  zero  or  substantially  lower  than  all  others 
in  order  to  externally  isolate  the  leakage  to  a specific  gate  or  transistor  in 
the  device)  to  classify  the  parts  into  failure  mode  categories.  Failure 
mode/mechanism  cl assification  could  only  be  achieved  by  systematic  die  level 
stripe  severing  and  probing  of  each  part.  This  would  be  much  too  time  consum- 
ing and  impractical.  Furthennore,  bench  tests  of  the  failed  parts  disclosed 
that  many  had  recovered  while  awaiting  analysis,  and  preliminary  analysis  of 
representative  parts  disclosed  many  would  recover  during  analysis.  Conse- 
quently, it  was  decided,  in  agreement  with  the  RADC  project  engineer,  that 
only  as  many  parts  would  be  analyzed  in  detail,  as  necessary  to  determine  what 
different  failure  modes  existed  in  these  parts. 

Fifteen  parts  had  been  delidded  for  analysis  without  leak  testing  (to 
avoid  affecting  their  leakage  currents)  as  part  of  the  preliminary  analysis. 
Consequently,  these  15  parts  are  segregated  from  the  other  49  parts  (which 
were  leak  tested  and  found  to  be  hermetic)  in  the  analysis  sunuiiaries  since  it 
is  uncertain  whether  these  failures  should  be  classified  as  heniietic  or 
non-hennetic.  In  addition  to  these  15  parts,  ten  of  the  hermetic  parts  were 
analyzed  in  detail;  thus,  in  all,  25  of  the  64  parts  were  analyzed  in  detail. 
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In  nine  parts,  the  leakage  either  recovered  during  the  analysis  or  changed  to 
the  extent  that  it  was  not  possible  to  pin-point  the  location  of  the  leakage. 
Analysis  of  the  other  16  parts  disclosed  three  types  of  failure  modes:  1) 
excessive  Iqss  i'’  n-channel  transistor  that  had  been  "on"  during  life 
test,  2)  excessive  Iqss  ^ p-channel  or  an  n-channel  transistor  that  had 
been  "off"  during  life  test,  and  3)  a channeled  p-well  junction.  Each  failure 
mode  is  discussed  below.  In  general,  most  of  the  parts  exhibited  more  than 
one  failure  mode  and  most  exhibited  p-well  junction  leakage  to  some  degree 
which  is  the  reason  most  of  the  parts  exhibited  high  or  failed  values  for  all 
three  Iss  parameters. 

1)  Excessive  Iqss  "of*"  ^-channel  transistor.  In  three  parts  the 

principal  cause  of  the  Iss  leakage  was  traced  to  excessive  Iqss  n-channel 
transistors  N2  of  gate  C (one  part)  and  N4  of  gate  A or  B (two  parts).  The 
degraded  transistors  exhibited  a channeled  Iqss  characteristic  and  relatively 
low  threshold  voltage.  The  excessive  Iqss  could  be  pinched  off  by  applying 
negative  voltage  to  the  gate.  This  indicated  that  the  excessive  Iqss  was 
caused  by  inversion  of  the  channel  region  due  to  the  acumulation  of  a net 
positive  charge  at  the  Si02/Si  interface.  The  degraded  transistors  recovered 
after  a 16  hour,  bake.  Examination  of  the  transistors  before  and  after 

removal  of  the  metallization  disclosed  no  anomaly.  A typical  degraded  transis- 
tor is  shown  after  metal  removal  in  Figure  017. 

During  the  life  test,  +18  VDC  had  been  applied  across  the  gate  oxide  of 
the  degraded  transistors  (biased  "on").  Therefore,  their  failure  mode  indi- 
cated that  the  gate  oxide  of  the  transistors  contained  cation  contamination, 
probably  sodium  ions.  Under  the  influence  of  the  positive  gate  bias,  the 
cations  drifted  to  the  interface  and  inverted  the  underlying  p-type  channel 
region. 

2)  Excessive  Iqss  in  an  "off"  transistor.  In  four  parts  the  principal 
cause  of  the  Iss  leakage  was  traced  to  excessive  Iqss  in  N4  of  each  gate 
(one  part),  PI  of  gate  B (one  part),  or  P4  of  each  gate  (two  parts).  The 


degraded  transistor  exhibited  a channeled  characteristic,  no  threshold 
voltage  shift  and  the  excessive  leakage  could  not  be  pinched  off  with  reverse 
gate  voltage.  This  indicated  that  the  transistors  contained  a degraded  drain 
junction.  The  degraded  transistors  recovered  after  a 16  hour,  250°C  bake. 

During  life  test,  the  drain  junctions  of  PI  of  gate  B,  N4,  and  P4  were 
reverse  biased  (the  transistors  were  off).  Thus,  the  degradation  probably  was 
caused  by  mobile  ions  in  or  on  a passivation  layer  which  separated  in  the 
fringing  field  of  the  reverse  biased  junction  and  inverted  the  underlying 
silicon. 

3)  Channeled  p-well  junction.  In  nine  parts,  the  principal  cause  of  the 

leakage  was  traced  to  a leaky  p-well  junction.  The  reverse  I-V  charac- 
teristic of  the  degraded  junction  was  channeled,  as  shown  in  Figure  D18,  and 
the  leakage  recovered  after  a 16  hour,  250°C  bake.  The  p-well  junctions  were 
reverse  biased  during  life  test,  thus,  the  degradation  probably  was  caused  by 
mobile  ions  in  or  on  a passivation  layer  which  separated  in  the  fringing  field 
of  the  reverse  biased  junction  and  inverted  the  underlying  silicon. 

4.3  TEST  ANOMALIES 

Fifteen  parts  (1  Lot  A,  8 Lot  B,  and  6 Lot  C)  failed  during  the  tests  due 
to  open,  resistive,  or  shorted  pins.  During  step  stress  one  Lot  A part,  S/N 
A42,  failed  at  the  64  hour/250°C  step  due  to  an  open  pin  12  and  one  Lot  C 
part,  S/n  C104,  failed  at  the  80  hour/275°C  step  due  to  an  open  pin  6 and  a 
shorted  pin  13.  Examination  of  these  parts  disclosed  aluminum  electromigra- 
tion at  the  ohmic  contacts  of  the  input  protection  networks.  For  example,  S/N 
A42  contained  depleted  aluminum  at  the  pin  5,  pin  8,  and  pin  12  (open)  ohmic 
contacts  and  aluminum  accumulation  at  the  pin  6 and  pin  13  ohmic  contacts 
where  shown  in  Figure  D19.  During  step-stress  inputs  1,  5,  8,  and  12  were 
high  (+18  VDC)  and  inputs  2,  6,  9,  and  13  were  low  (ground).  The  depleted 
aluminum  at  the  inputs  biased  high  and  the  accumulation  of  aluminum  at  the 
inputs  biased  low  indicated  that  sustained  high  current  flowed  into  each  high 
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105X  S/N  A42  (250°C  STEP) 

FIGURE  D19  - DIE  PHOTO  OF  S/N  A42  SHOWING  THE  LOCATION 
OF  THE  DEPLETED  ALUMINUM  (D)  AND  THE 
ALUMINUM  ACCUMULATION  (A). 
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input  and  out  each  corresponding  low  input  probably  due  to  a latch-up  condi- 
tion. Special  tests  of  sample  parts  showed  that  no  latch-up  would  occur  under 
normal  bias  conditions  at  temperatures  up  to  300°C.  However,  it  was  found 
that  if  the  pin  7 (V'ss)  connection  was  opened  at  temperatures  above  250®C, 
excessive  current  flowed  into  the  high  inputs  and  out  of  the  grounded  inputs. 

In  view  of  these  findings,  the  step-stress  program  boards  were  examined  and  it 
was  discovered  that  the  pin  7 solder  joint  for  S/Ns  A42  and  C104  were  open 
which  accounted  for  their  failure.  Consequently,  during  all  subsequent 
testing,  the  continuity  of  the  pin  7 solder  joint  of  each  part  was  checked 
before  placing  the  part  in  the  ovens  at  each  test  interval.  Despite  this 
precaution,  five  Lot  C parts  failed  during  the  250“C  lot  acceptance  test  and 
eight  Lot  B parts  failed  during  the  250*^0  accelerated  life  test  due  to  open 
and  shorted  pins.  Examination  of  these  parts  disclosed  the  same  conditions 
found  in  the  step-stress  failures.  Each  part  contained  depleted  alumninum  at 
the  ohmic  contacts  of  the  input  pins  that  had  been  biased  high  and  accumulation 
of  aluminum  at  the  ohmic  contacts  of  the  inputs  that  were  grounded,  as  illus- 
trated in  Figure  020.  In  addition,  all  of  the  parts  showed  evidence  of 
electromigration  at  the  ohmic  contacts  of  complementary  pairs  of  p-channel/ 
n-channel  transistors,  as  illustrated  in  Figure  021.  This  type  of  damage 
coincided  with  a migrated  open  on  an  input  line  that  had  been  biased  high. 

When  the  high  input  opened,  the  p-channel  input  transistor  that  was  biased  off 
by  the  +18  VDC  (PI  or  P2)  apparently  switched  on  causing  excessive  current  to 
flow  in  the  complementary  transistor  pairs  from  Vgo  to  ground  through  the 
grounded  inputs.  Many  of  the  parts  contained  electromigration  damage  at  the 
pin  7 pad,  as  illustrated  in  Figure  022.  For  this  to  happen,  the  external  pin 
7 solder  joint  must  have  been  intermittent  and  opened  long  enough  at  tempera- 
ture to  induce  a latch-up  condition,  then  closed  and  allowed  the  excessive 
current  to  flow  to  ground  through  pin  7.  Intermittency  at  temperature  would 
explain  why  the  faulty  soldt.r  connections  were  not  detected  by  the  room 
temperature  continuity  checks. 

One  Lot  C part,  S/N  C95,  failed  during  step-stress  due  to  an  open  drain 
in  the  pin  4 and  the  pin  11  n-channel  output  transistor,  N4.  Examination  of 
the  transistors  disclosed  that  in  each  instance  the  drain  stripe  had  melted 
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S/N  C134  (120  HRS/250°C) 


FIGURE  020 
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- PIN  5 ANO  PIN  6 


LOT  C FAILURE  SHOWING  ALUMINUM 


(0)  AT  THE  HIGH  INPUT  ANO  HILLOCK  GROWTH 
OR  ACCUMULATION  (A)  AT  THE  GRiOUnOEO  INPUT. 
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256X  S/N  B124  (4000  HRS/250°C) 

FIGURE  022  - EXAMPLE  OF  ALUMINUM  DAMAGJ  AT  TKL  PIN  7 
PAD. 
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491X  S/N  C95  (275"C  STEP) 

FIGURE  023  - MELTEO  OPEN  DRAIN  STRIPE  ON  THE  PIN  11  OUT- 
PUT TRANSISTOR. 
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open,  as  Illustrated  In  Figue  023.  No  deficiency  and  no  other  damage  was 
present,  thus,  the  opens  probably  were  caused  by  electrical  overstress  of  the 
two  outputs. 

One  unfalled  Lot  A part  was  Inadvertently  removed  from  250°C  life  after 
the  four  hour  parametric  test.  The  error  was  discovered  too  late  to  return 
the  part  to  test. 


5.0  4013  DUAL  FLIP-FLOP  - MANUFACTURER  C 


5.1 


1^5  FAILURE 


SURFACE  INSTABILITY 


Seventy-five  parts  (16  Lot  A,  53  Lot  B,  and  6 Lot  C)  failed  during  the 
tests  due  to  excessive  1^^  [17]  and/or  I^^  [18]  and/or  ^SS  [19].  Five  parts 
failed  I^^  [17]  only,  21  failed  1^^  [18]  only,  eight  failed  1^^  [19]  only, 
three  failed  I^^  [17]  and  I^^  [19],  32  failed  I^^  [18]  and  1^^  [19],  and  six 
failed  1^^  [17],  I^^  [18],  and  1^^  [19].  All  failures  were  reversible,  indica- 
tive of  a surface-related  mechanism.  The  variety  of  failure  symptoms  indi- 
cated that  this  group  of  failures  probably  contained  several  different  failure 
modes.  Preliminary  analysis  of  these  failures  indicated  that  parts  with  the 
same  failure  symptoms  contained  different  failure  modes  or  mechanisms.  This 
meant  that  the  parts  could  not  be  classified  into  failure  categories  on  the 
basis  of  their  failure  symptom,  i.e. , on  the  basis  of  which  of  the  three  1^^ 
tests  the  part  had  failed.  The  Manufacturer  C 4013  contains  48  transistors 
and  eight  transmission  gates,  thus,  random  or  even  systematic  die  level  probing 
of  every  failed  part  to  determine  the  degraded  transistor(s)  for  purposes  of 
classification  was  impractical.  The  preliminary  investigation  had  indicated 
that  the  excessive  was  due  to  high  leakage  current  in  a transistor  or 
transistors  that  were  "off  during  the  test.  Because  each  half  of  the 

4013  contains  three  inputs,  it  is  possible  to  obtain  eight  unique  sets 

of  different  logic  levels  on  the  internal  transistors  of  each  half  with  the 
clocks  low.  Thus,  the  tests  can  be  expanded  to  eight  tests  through 

^SS8^’  as  shown  in  Table  DIO.  Furthennore,  during  the  and  tests  the 
output  states  can  be  switched  either  high  or  low,  which  adds  two  additional 
sets  of  infonnation.  From  these  ten  tests  and  a knowledge  of  the  logic  state 
of  each  transistor  during  each  test,  the  leaky  transistor  (or  transistors)  can 
be  reasonably  pin-pointed  externally.  To  aid  in  interpreting  the  results  of 
the  ten  tests,  the  matrix  column  in  Figure  D24  was  developed.  The  first  ten 
vertical  columns  represent  the  ten  1^^  tests  and  the  horizontal  rows  represent 
each  suspect  transistor  or  combination  of  transistors.  A shaded  square  is 
placed  in  each  row  in  the  appropriate  column  if  the  particular  transistor  is 
off  during  the  particular  test  and  can  contribute  leakage  to  the  test. 
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TABLE  DIO 


. INPUT  LOGIC  CONDITIONS  FOR  THE 
EIGHT  POSSIBLE  Iss  TESTS 

INPUT  LOGIC  LEVEL  (CLOCK  = LOW) 


Iss  TEST 

SET 

DATA 

RESET 

issi  * 

LOW 

LOW 

HI 

^SS2  * 

HI 

LOW 

LOW 

ISS3  * 

HI 

LOW 

HI 

ISS4 

LOW 

HI 

HI 

ISS5 

HI 

HI 

LOW 

ISS6 

HI 

HI 

HI 

ISS7  (Q  HiSfi 

or  Low) 

LOW 

LOW 

LOW 

iss8  (Q 

or  Low) 

LOW 

HI 

LOW 

* Standard  Specified  Tests 


D40 


POSSIBLE  DEGRADED  TRANSISTORS  OR  JUNCTION 


leakage  TEST  . 


A blank  square  means  that  the  transistor  is  on  during  the  particular  test 
or,  in  the  case  of  certain  individual  p-channel  transistors,  that  the  transis- 
tor is  off,  but  in  series  '>>ith  another  transistor  which  is  also  off  during 
that  test.  The  possibility  that  two  series  |>channel  transistors  are  both 
leaky  is  taken  into  account  by  the  21st  through  the  24th  rows.  If  one  or  both 
of  the  off  transistors  of  the  clock  circuit  (N14  and  P15)  are  leaky  or  if  a 
p-well  junction  is  leaky,  the  part  will  exhibit  the  same  high  leakage  during 
all  ten  tests.  By  raising  the  clock  input  from  low  to  high  these  two  failure 
modes  can  be  separated,  and  this  is  the  reason  for  the  final  two  rows  and  the 
eleventh  column. 


All  ten  values  were  then  measured  on  a curve  tracer  for  each 
flip-flop  of  each  failed  device  and,  using  the  matrix,  the  leaky  transistor  or 
transistors  were  determined.  Then,  the  parts  were  classified  into  failure 
categories  and  representative  samples  of  each  category  were  analyzed  in  detail. 
Many  of  the  parts  contained  more  than  one  failure  mode  or  had  completely 
recovered  before  the  analysis  proceeded  or  during  the  analysis.  In  the  case 
of  a part  with  more  than  one  failure  mode,  the  part  was  classified  according 
to  the  worst  case  (in  terms  of  leakage  current)  failure  mode.  If  the  part  had 
recovered  and  could  not  be  classified  on  the  basis  of  its  symptoms,  its 
failure  mode  was  classified  as  not  determined.  The  details  of  each  category 
of  failure  mode  are  given  in  the  following  sections. 


5.1.1  Excessive  I^j^^  in  an  “On"  N-Channel  Transistor  - In  39  parts  (1  Lot  A, 

32  Lot  B,  and  6 Lot  C),  the  high  1^^  was  attributed  to  excessive  in  one 
or  more  of  the  following  transistors:  N4,  N5,  N7,  N8,  or  N16.  Parts  with  a 

degraded  N4,  N5,  N7,  or  N8  transistor  had  failed  I^^  L18j  ano  parts  with  a 
degraded  N16  transistor  had  failed  1^^  L18J  and  1^^^  Ll^J*  For  example,  S/N 
B95  exhibited  1^^  LlSj  and  I^^  L19J  values  of  3 yA  after  4 hours  in  2bO®C 


life. 


Curve  tracer  tests  established  that  I<j^2’ 


‘SS3’ 


^555’  ^S5b’  ^S57 


(Q  high),  and  I^^g  (l)  high)  of  flip/flop  1 (F/Fl)  were  each  3 yA,  whereas  1^^^^, 
Iss4»  I557  (Q  low),  and  1^^^  (Q  low)  were  zero.  No  leakage  existed  in  F/F2. 
The  matrix  indicated  that  N16  was  the  only  single  transistor  that  could  give 


042 


these  symptoms,  therefore  N16  of  F/Fl  was  isolated  and  measured.  of  N16 

was  about  3 viA  at  = 15V  and  the  vs.  characteristic  was  channeled, 
as  shown  in  Figure  D25.  The  excessive  could  be  pinched  off  by  applying 
a -0.8  volt  from  gate  to  source  and  of  N16  was  lower  than  that  of  a typi- 
cal transistor  (N13)  in  the  same  part,  as  shown  in  Figure  D26.  This  indicated 
that  the  anomalous  current  was  caused  by  inversion  of  the  channel  region.  A 
16  hour,  250°C  bake  caused  the  degraded  transistor  to  recover  and  examination 
of  the  transistor  before  and  after  removal  of  the  metallization  disclosed  no 
visible  anomaly.  A typical  failed  N15  transistor  after  removal  of  metalliza- 
tion is  shown  in  Figure  D27.  Many  devices  contained  more  than  one  degraded 
transistor.  For  example,  S/N  C52  exhibited  an  Ll8j  value  of  28  viA  and  an 
I35  tl9j  value  of  2 uA  after  120  hours  at  250°C.  Curve  tracer  tests  of  F/Fl 
disclosed  that  I552*  ^S5’  ^SS8  were  14  pA,  and  were 

1 pA,  Ijjg  (Q  low)  was  2 pA,  (Q  high)  was  12  pA,  and  1^^^,  and 

(Q  low)  were  zero.  Similar  values  were  found  in  F/F2.  The  matrix  indi- 
cated that  these  values  were  probably  caused  by  various  levels  of  leakage  in 
transistors  N4-N5,  N7-N8,  and  N16  in  each  flip-flop.  The  suspect  transistors 
were  isolated  and  measured  disclosing  the  following  values  of  at  = lb 
volts:  in  F/Fl  N16  = 1 pA,  N4-N5  = 2 pA  and  in  F/F2  N16  = 1 pA,  N4-N5  = 9 pA, 

and  N7-N8  = 4 pA.  In  each  transistor  the  vs.  characteristic  was 
channeled  and  the  excessive  leakage  could  be  pinched  off  by  applying  negative 
voltage  from  gate  to  source. 


During  the  life  test  of  the  4013,  the  set,  data,  and  clock  inputs  were 
biased  low  and  the  reset  inputs  were  biased  high.  This  applied  +lb  volts 
across  the  gate  oxide  of  transistors  N4-Nb,  N7-N8,  and  N16.  Therefore,  it  was 
concluded  that  the  gate  oxide  of  the  transistors  contained  cation  contamina- 
tion, probably  sodium  ions.  The  cations  drifted  to  the  bi/biO^  interface 
under  the  influence  of  the  positive  field  and  inverted  tite  unaerlying  p-type 
channel  region  causing  an  increase  in  and  a reduction  of  '^TH* 


b.1.2  Excessive  in  an  "On"  P-Channel  Transistor  - In  13  parts  Uhree 


Lot  A and  ten  Lot  B),  the  high  1^^ 
more  of  the  following  transistors: 


was  attributed  to  excessive  1^^^  in  one  or 
P2,  P3,  Py,  or  PIU.  Parts  with  a uegraued 
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247X  S/N  B162  (8  HRS/250"C) 

_F I G.y D21_;._ TYPICAL  FA ILED  N1^6  TRANSISTOR  AFTER 


S/N  BlOl  (4  HRS/250  C) 

FIGURE  028  - I^^^^  CHARAi.TLRI  ST  If  OF  PR  OF  F/F2. 


P2,  P3,  or  P9  and  PIO  had  failed  U8j  and  Ijj  il9]  and  parts  with  a 
deyradcd  P9  had  failed  [19!l.  In  each  part  examined,  the  degraded  transis- 
tor exhibited  a channeled  characteristic,  but  nominal  threshold  voltage, 
and  the  excessive  was  reversible.  For  example,  S/N  BIOl  contained  a 
degraded  P9  transistor  in  F/F2  after  4 hours  at  250"C*  at  * 15V  of 

P9  was  about  1.6  y A and  the  characteristic  was  channeled  as  shown  in  Figure 
D28.  The  excessive  leakage  could  be  pinched  off  by  applying  +5  volts  from 
gate  to  source.  V^^  of  P9  was  -2.21  volts,  which  was  nominal.  After  recovery 
Ipss  was  132  nA,  but  Vj^  had  not  changed  significantly  (-2. 27V). 

The  high  and  the  fact  that  the  leakage  could  be  pincheo  off  with 
positive  gate  bias  indicated  that  the  degradation  in  these  transistors  was  due 
to  inversion  of  the  n-type  substrate  beneath  the  gate  metal  caused  by  the 
accumulation  of  a net  negative  charge  at  the  SiO^/Si  interface.  Since  the 
threshold  voltage  of  the  transistors  was  not  affected,  the  inversion  probably 
was  not  located  in  the  channel  region  or  at  least  not  along  its  entire  width. 
Each  of  the  failed  transistors  contained  a strip  of  thick  field  oxide,  covered 
by  gate  metal,  between  the  source  and  urain  at  the  sides  of  ttie  channel,  as 
illustrated  in  Figure  029.  This  might  be  the  possible  location  of  the 
inversion.  During  the  life  tests,  -18  volts  was  applied  across  the  gate  oxide 
of  P2,  P3,  P9,  and  PIO  (these  transistors  were  "on"  during  life).  Inward 
drift  of  mobile  negative  ions  in  the  oxide  beneath  the  gate  metal  would 
account  for  the  accumulation  of  negative  charge  at  the  interface.  Howover, 
mobile  anions  do  not  ordinarily  exist  in  normal  oxides.  It  is  more  probable 
that  the  oxide  contained  a distributed  mobile  positive  species  in  conjunction 
with  an  immobile  negative  species  (outward  drift  of  the  cations  in  the  negative 
field  would  expose  a layer  of  negative  charge  at  the  interface)  or  that  ttie 
oxide  was  phosphorous  doped  and  the  negative  field  polarized  the  phosphorous 
dipoles. 

5.1.3  Degraded  P-Well  or  Drain  Junction  - In  nine  parts  the  excessive  I^^^.  was 
traced  to  high  in  N2,  N14,  P4,  P5,  or  P16.  Parts  with  a degraued  had 
failed  1^^^  l17J,  parts  with  a degraded  P4  or  P5  had  failed  1^^^^  L17j  end  I^^j^ 
L18j,  and  parts  with  a degraded  N14  had  failed  I^^j^  Ll7j,  L18j,  and  l19j.  One 


D46 


s 


400X  S/N  A132  (120  HRS/250°C) 

figure  D29  - P2  AND  P3  0F_F/F2  AFTER  METALLIZATION 

REMOVAL  SHOWING  THE  STRIP  OF  FIELD  OXIDE 
(ARROWS)  ALONG  THE  SIDES  OF  THE  CHANNELS. 


T‘ 
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Vp5  S/N  B123  (8  HRS/250’C) 

FIGURE  D30  - CHARACTERISTIC  OF  NIT  OF  F/F2. 
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of  these  parts  had  failed  at  +125®C  only.  But  bench  tests  disclosed  that 
was  also  failed  at  25®C  and  analysis  of  the  part  established  that  the  high 
was  due  to  a degraded  N14.  In  each  case,  the  degraded  transistor  exhibited  a 
channeled  characteristic,  as  illustrated  in  Figure  D30,  no  threshold  voltage 
shift,  and  the  leakage  could  not  be  pinched  off  by  application  of  reverse  gate 
voltage.  This  indicated  that  the  transistors  contained  a degraded  drain  junc- 
tion. In  three  parts  the  excessive  1^^  was  traced  to  a degraded  p-well  junc- 
tion. These  parts  had  failed  I^^  [17],  [18],  and  [19].  In  each  case  the 
reverse  I-V  characteristic  of  the  junction  was  channeled,  as  illustrated  in 
Figure  D31.  In  all  cases,  the  leakage  recovered  when  the  part  was  baked. 

During  life  test,  the  p-wells  and  the  drain  junctions  of  N2,  N14,  P4,  P5, 
and  P6  were  reverse  biased  (the  transistors  were  off).  Thus,  the  degradation 
probably  was  caused  by  mobile  ions  in  or  on  the  passivation  which  separated  in 
the  fringing  field  of  the  reversed  biased  junctions  and  inverted  the  under- 
lying silicon. 


5,1,4  Failure  Mode  Not  Determined  - The  exact  failure  mode  of  11  parts  was 
not  determined  because  the  excessive  1^^  recovered  before  the  failure  mode 
could  be  established.  All  step  stress  failures  were  intentionally  baked 
before  analyzing  and  four  parts  recovered,  indicating  that  their  failure  was 
caused  by  surface  instability.  The  Lot  A 175°C  failure  and  one  of  the  Lot  B 
failures  had  failed  [18]  (1532^  only.  The  matrix  indicates  that  the 
failure  mode  of  these  parts  was  either  a degraded  N4,  N5,  N7,  or  N8  (n-channel 
"on")  or  P13  (p-channel  "off");  thus,  their  failure  mode  could  not  be  estab- 
lished on  the  basis  of  the  original  symptoms.  The  other  two  parts  had  failed 
I33  [15]  (I553)  only.  The  matrix  indicates  that  the  failure  mode  was  either  a 
degraded  P4  or  P7  (p-channel  "off")  or  P9  (p-channel  "on");  thus,  the  failure 
mode  of  these  two  parts  was  not  established. 


Two  life  test  parts  that  had  failed  1^^  [18]  only,  the  Lot  A 16  hour 
failure  and  the  Lot  B 4 hour  failure,  recovered  before  the  curve  tracer  1^^ 
tests  could  be  performed.  Two  other  Lot  A parts  had  failed  1^^  [18]  and 
I55  [15],  and  the  matrix  of  I33  tests  indicated  that  the  parts  contained 
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Vp  S/N  A125  (4  HRS/250°C) 


FIGURE  031_  - REVERSE  I-V  CJHARACTERISTIC  OF_THE 
DE"gMdE‘D_  P-WELL  JUNCfl5i, 


FIGURE  D32  - CHARACTERISTIC  OF  N1  OF  F/Fl. 
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multiple  failure  modes.  However,  these  parts  recovered  after  delidding  or 
during  die  level  probing  and  the  specific  failure  modes  could  not  be  deter- 
mined. Although  the  failure  modes  were  not  established,  the  recovery  of  these 
four  parts  indicated  that  their  failure  probably  was  caused  by  a surface 
related  problem.  Two  Lot  B parts  exhibited  excessive  L19J  at  a test 
tenperature  of  +125“C  at  250  hours.  The  two  parts  were  left  on  test  through 
4,000  hours.  They  did  not  fall  any  25“C  parametric  test  through  4,000  hours 
and  passed  all  +125“C  parametric  tests  at  4,000  hours.  One  Lot  A part  exhib- 
ited excessive  ^SS  +125“C  only  at  4,000  hours.  This 

part  was  left  on  test  to  6,000  hours  and  had  recovered  at  6,000  hours. 

In  each  case  the  recovery  indicated  that  the  failures  were  probably  caused  by 
a surface- related  mechanism. 

5.2  FAILURE  - SURFACE  INSTABILITY 

Twenty-one  parts  (2  Lot  A,  17  Lot  B,  and  2 Lot  C)  failed  due  to  excessive 
Ij^j^  (all  inputs  together)  during  life  test.  Tlie  failed  values  ranged  fruii 
117  to  384  nanoainperes  (specified  limit  * 100  nA  max).  The  leakages  were 
channeled  and  were  bake  recoverable,  indicative  of  a surface  related  mecna- 
nism.  In  each  case  the  excessive  current  was  traced  to  one  or  ooth  of  the 
data  inputs  (pin  5 of  F/fl,  pin  9 of  F/F2).  In  each  Lot  B and  Lot  C part 
examined,  the  leakage  was  caused  by  excessive  I^^^^  in  the  n-channel  transis- 
tor of  the  input  transmission  gate  (Nl),  as  illustrated  in  Figure  D32.  In 
each  Lot  A part,  the  leakage  was  caused  by  excessive  1^^.^  in  the  p-channel 
transistor  of  the  input  transmission  gate  (PI).  During  life  test,  Nl  and  PI 
were  "on,"  thus,  the  failure  mechanisms  of  Nl  and  PI  were  probably  the  suuie  as 
those  responsible  for  the  I^^  failures  described  in  Sections  5.1.1  anu 
5.1.2. 

5.3  failure  - LEAD  PRECIPITATION 

Fourteen  parts  (12  Lot  A and  2 Lot  B)  failed  due  to  a pin-pin  short 
during  accelerated  life.  Thirteen  parts  exhibited  excessive  Ijj^j  (all  inputs 
together).  The  failed  values  ranged  froiii  -123  to  in  excess  of  -1423  nano- 
amperes  (specified  limit  = -100  nA  min).  The  leakage  was  guasi-exponential 
and  usually  inten.iittent  or  erratic.  In  12  of  these  parts  the  leakage 
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was  traced  to  a high  resistance  short  between  pin  11  (the  clock  of  F/F2)  and 
pin  14  (Vpp)  and  in  one  part  the  leakage  was  traced  to  a high  resistance 
short  between  pin  5 (the  data  input  of  F/Fl)  and  pin  14.  One  part  exhibited 
excessive  [17],  [18],  and  [19]  caused  by  a high  resistance  short  between 
pin  7 (Vjj)  and  pin  14.  The  shorts  were  isolated  to  a conductive  path  in  the 
glass  seal  between  the  pin  11,  5,  or  7 lead  frame  and  the  deposited  gold 
header  (which  is  connected  to  V^q)  where  shown  in  Figure  D33.  The  gold 
header  extends  under  the  glass  seal  beneath  the  tip  of  the  lead  frame,  as 
shown  in  Figure  034.  Cross  sections  of  the  glass  seal  disclosed  faint  traces 
of  dark  stains,  similar  to  that  found  in  the  Manufacturer  A 4001  package 
(Section  3.3),  bridging  from  the  lead  frame  to  the  gold  header.  The  glass  in 
this  package  is  of  the  same  composition  (Pb0-Zn0-B202)  as  that  of  the 
Manufacturer  A package  and  pins  6,  7,  and  11  were  negatively  biased  with 
respect  to  pin  14  (V^^)  during  life  test.  Thus,  the  failure  of  these  parts 
was  probably  also  caused  by  the  same  Pb  reduction/precipitation  mechanism 
responsible  for  the  Manufacturer  A 4001  failures. 


5.4  155/11^^  FAILURE  - MASK  MISALIGNMENT 

Two  Lot  C parts,  S/Ns  C85  and  C91,  failed  during  step- stress  after  the 


16  hour/175°C  step  due  to  excessive  1^^  [17]  and  Ij^^.  Also,  pin  1 of 
S/N  C85  was  stuck  low  and  pin  2 was  stuck  high.  The  failed  parameters  did  not 
improve  after  baking.  Curve  tracer  tests  of  the  parts  disclosed  that  F/Fl  of 
each  part  was  drawing  very  high  cui^rent,  above  1.5  volts,  during  the  I^^  [17] 
and  Ij^^  tests.  The  high  Ij^^  in  S/N  C91  was  traced  to  high  Ip^^  in  n-cliannel 
transistor  N15  of  the  clock  circuit  caused  by  a degraded  drain  junction.  Fig- 
ure 035  shows  the  I-V  characteristic  of  the  N15  drain  junction  of  S/N  C91. 

The  excessive  leakage  reduced  the  Cl  high  level  output  voltage  such  that  the 
transmission  gate  transistor  PI  of  F/Fl  was  not  being  turned  off  during  the 
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This  allowed  excessive  Ij^  current  to  flow  into  pin  5 through  PI 


to  via  Pll-Nll  and  N4  (which  are  on  during  the  Ij^^  test).  Examination  of 
N15  after  removal  of  the  aluminum  metallization  disclosed  that  its  drain  con- 
tact opening  was  misregistered,  placing  the  contact  against  the  drain  junc- 
tion, as  shown  in  Figure  D3b.  As  a result,  an  aluminum  alloy  pit  in  the  con- 
tact penetrated  and  degraded  the  drain  junction,  as  shown  in  Figure  1)37. 
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LEAOFRAME 
(PIN  11) 


105X  S/N  A223  (4000  HRS/225'’C) 

FIGURE  D34  - CROSS-SECliON  OF  THE  PACKAGE  THROUGH  PIN  11 
SHOWING  THAT  THE  GOLD  HEADER  PLATING 
EXTENDS  UNDER  Tt E 1 EAD  FRAHE. 


18X  S/N  B224  (4000  HRS/225°C) 

FIGURE  033  - INTERIOR  OF  THE  PACKAGE  (AFTER  DISCON- 
NECTING THE  PIN  11  AND  PIN  14  (\l^^ ) 

WIRES  T^  ISOLATE  THE  LEAKAGE)  SHOWING 
THE__LOCAT ION  OF  THE  CONDUCTIVE  PATH 


FIGURE  D35  - 1 


DRAIN  JUNCTION  OF  NT 5 (F/F 


S/N  C91  (175  C STEP) 
M]  SRL  GJ  ST  F RL  0 ORA  I N_  CONTACT  {.ARRON]  OF  F/F1 


780X  S/N  C91  (175°C  STEP) 

FIGURE  D37  - F/F1  N15  DRAIN  AFTER  SILICON 
ETCH  SHOWING  AN  ALLOY  PIT 
(ARROW)  THAT  PENETRATED  THE 
DRAIN  JUNCTION. 
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Similarly,  the  failure  of  S/N  C85  was  traced  to  misregistration  of  the  N15 
drain  ohmic  contact.  Figure  D38  shows  the  N15  transistors  of  F/Fl  and  F/F2  of 
S/N  C85  aligned  as  they  are  oriented  on  the  die.  The  ohmic  contacts  are  dis- 
placed to  the  left  in  the  photos  and  this  placed  the  drain  ohmic  contact  of 
N15  of  F/Fl  (and  N14  of  F/F2)  over  the  junction.  Note  also  the  misregistra- 
tion of  the  thin  gate  oxide  which  left  a strip  of  thick  field  oxide  along  one 
end  of  each  channel.  The  exact  cause  of  the  [17]  failure  in  each  part  was 
not  determined,  but  the  curve  tracer  tests  had  indicated  that  the  1^^  [17] 
failure  was  probably  caused  by  the  same  type  of  defect  responsible  for  the 
1 1 HI  failure. 

The  misregistration  problem  would  likely  be  lot  dependent  but  strangely 
no  Lot  C part  failed  due  to  this  problem  during  the  Lot  C acceptance  test  even 
though  this  test  was  performed  at  250“C.  Five  parts  that  survived  the  Lot  C 
life  test  were  delidded  and  examined.  All  five  contained  misregistered  ohmic 
contacts.  The  worst  case  example  is  shown  in  Figure  D39.  This  suggests  that 
the  mechanism  that  caused  the  contact  to  progress  to  failure  nay  not  have  been 
time- temperature  dependent,  but  rather  was  induced  by  random  stress  such  as 
an  electrical  transient. 


5.5  MISCELLANEOUS  FAILURES 

One  Lot  A part  failed  due  to  excessive  Ijj^^  (113  nA)  which  was  traced  to 
pin  5,  the  data  input  of  F/Fl.  The  leakage  was  channeled  and  recovered  after 
baking,  indicative  of  a surface  related  mechanism.  Pin  5 was  grounded  during 
life  test,  reverse  biasing  the  input  protection  diodes  to  V^p.  Thus,  the 
channel  was  probably  caused  by  charge  separation  in  the  fringing  field  of  the 
reverse  biased  junctions. 


One  Lot  A part  failed  I^hj  (120  nA)  which  was  traced  to  pin  8,  the  set 
input  of  F/F2.  The  leakage  was  resistive  and  intermittent,  indicative  of  a 
mechanical  problem,  but  the  package  was  destroyed  during  delidding  and  the 
cause  of  the  leakage  was  not  determined. 


FIGURE  D38  - NI4-NI5-N4-N5  OF  F/F1  AND  F/F2  (METAL 

— r&miTTHF~nRAIN  junctions  (arrows). 


400X  S 

FIGURE  039  - F/F1  N15  OF  A LOT  ACCEPTANCE  TEST 


(ARROW)  OVERLAPPING  THE  JUNCTION 


GATE  OXIDE  OF  N4  OF  F/F2. 


057 


One  Lot  C part  failed  due  to  a 3X  ohm  short  from  pin  10  (reset  of 
F/F2)  to  pin  7 (V^^).  The  short  was  traced  to  a gate  to  body  short  in 
n-channel  transistor  N4.  The  gate  oxide  contained  a dielectric  breakdown  site 
as  shown  in  Figure  040  and  the  amount  of  damage  present  indicated  that  the 
breakdown  was  probably  caused  by  an  electrical  transient  or  static  discharge. 

One  Lot  A part  failed  (167  r.A)  which  was  traced  to  pin  3,  the  clock 
of  F/Fl.  The  leakage  was  isolated  to  the  input-to-V^^  protect  diode  and  was 
not  bake  recoverable.  The  diode  contained  no  flaw  or  visible  damage.  Pin  3 
was  grounded  during  life  test;  consequently,  there  was  no  bias  applied  to  the 
diode  during  life.  Thus,  it  is  suspected  that  the  diode  was  damaged  by  an 
electrical  transient  or  possibly  was  due  to  opening  of  the  ''ss  connection  at 
elevated  temperature.  (See  discussion  of  Manufacturer  D 4008  failures. 
Section  9.2,  for  explanation  of  this  failure  mechanism.) 

One  Lot  A part  failed  at  pin  10  (1.6  volts)  and  at  pin  4 (2.0  volts). 
The  high  forward  voltage  was  traced  to  damage  at  the  ohmic  contact  between  the 
input  stripe  and  the  input  to  ''do  protection  network.  The  aluminum  was 
melted  and  swollen  from  overheating  at  the  contacts,  as  illustrated  in  Figure 
041.  This  indicated  that  pins  4 and  10  probably  had  been  electrically  over- 
stressed. 
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6.0  4013  DUAL  FLIP-FLOP  - MANUFACTURER  B 


6.1  FAILURES 

Thirty-eight  parts  (3  Let  A,  22  Lot  B,  13  Lot  C)  failed  during  step-stress 
and  accelerated  life  due  to  excessive  I55C17]  and/or  I55CI8]  and/or  I<.j[19] 
at  25°C.  Two  parts  failed  I^^[17],  eight  failed  I^^[18],  two  failed  l5^[19], 
one  failed  I55CI7]  and  Ij^[18],  three  failed  l55[17]  and  Igj[19],  four  failed 
I55CI8]  and  I55CI9],  and  18  failed  I33CI7],  l33[18],  and  l33[19]. 

The  three  step-stress  failures  had  oeen  baked  and  had  recovered.  The 
other  35  failures  were  examined  on  the  curve  tracer.  The  ten  diagnostic 
parameters  developed  for  the  Manufacturer  C 4013  shown  in  Table  DiO  were 
measured.  Four  parts  showed  no  parameter  out  of  tolerance  which  indicated  that 
the  parts  had  recovered  while  awaiting  analysis.  Twelve  parts  (eight  Lot  C 
and  four  Lot  B)  exhibited  excessive  leakage  for  all  ten  tests  with  the  clocks 
low  and  no  leakage  for  all  ten  tests  with  the  clocks  high.  This  indicated 
that  the  degraded  transistor  was  located  in  a clock  circuit  (N20,  N22,  or 
P21).  The  remaining  19  parts  displayed  ten  different  patterns  of  failure,  as 
shown  in  Table  Dll.  These  parts  would  required  a diagnostic  matrix  to  analyze. 
The  matrix  developed  for  the  Manufacturer  C 4013,  Figure  D24,  could  not  be 
used  for  the  Manufacturer  B 4013  because  the  circuit  designs  are  completely 
different.  Since  there  were  too  few  parts  per  lot/per  failure  pattern  and 
since  some  of  the  parameters  in  six  of  the  parts  had  recovered,  it  was  decided 
not  to  develop  a diagnostic  matrix  for  these  random  failures.  Consequently, 
only  the  12  parts  with  a degraded  clock  transistor  were  analyzed  in  detail. 

All  other  parts  were  leak  tested,  baked,  and  delidded  for  examination  only. 

6.1.1  Failures  Degraded  Clock  Transistor  - of  the  12  parts  with  a 

degraded  clock  transistor  ranged  from  1 to  300  yA.  In  all  eight  Lot  C parts 
and  in  two  of  the  Lot  B parts  the  leakage  was  associated  with  F/F2.  In  the 
other  two  Lot  B parts,  the  leakage  was  associated  with  F/Fl.  The  leakage  was 
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TABLE  Dll  - PATTERNS  OF  I..  FAILURE  BASED  ON  CURVE  TRACER  TESTS 


LOT- 

TIME  OF 

^SS 

TEST  NUMBER 

TEMP 

FAILURE 

S/N 

FLIP- 

•FLOP  1 2 3 

4 

5 

6 

7L 

7H 

ik 

“5R 

A-250° 

250 

A133 

1 

m 

X 

X 

X 

B-250" 

IK 

B135 

1 

m 

X 

X 

X 

4K 

B105 

1 

B 

X 

X 

X 

B121 

2 

X 

X 

X 

C-250“ 

120 

C104 

1 

m 

X 

X 

X 

250 

C113 

1+2 

m □ 

X 

X 

X 

A-225“ 

2K 

A225 

1+2 

ITT  [XI 

X 

X 

X 

X 

X 

X 

X 

6K 

A183 

1+2 

fxi  [5  ijfl 

X 

X 

X 

X 

X 

X 

X 

B-25Q“ 

2K 

B91 

1+2 

K)  m B 

X 

X 

X 

X 

X 

X 

X 

B-250“ 

4 

B94 

1 

B B 

X 

X 

X 

X 

B142 

2 

B B 

X 

X 

X 

X 

B-250” 

2K 

B154 

1 

BOB 

X 

X 

X 

X 

C-250” 

120 

C75 

1 

B 

X 

B-225” 

64 

B201 

1 

0 B B 

X 

X 

B-250” 

4K 

B124 

2 

□ 

X 

X 

B-250” 

4 

B141 

2 

B 

X 

X 

X 

X 

X 

E-250” 

6K 

BlOl 

1 

□ □ B 

X 

B-250” 

4 

B153 

1 

X 

X 

X 

6K 

B103 

1 

n □ B 

X 

X 

2 

X 

X 

X 

X 

X 

E-250” 

4K 

BU4 

and  B122 

6K 

B151 

RECOVERED 

C-250” 

120 

CB5 

NOTES: 

X = Tn  excess  oe  ua  poring  the  curve  ipacir  bench  test. 

STAVEARO  SPECUItO  TEST  (1.,  [1/].[1B].[19])  IN  EXCESS  OE  lyA  DURING  ELECTRICAL 
PARAN!  TER  NT  ASURLKENT. 
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traced  to  excessive  in  n-channel  transistor  N20  or  N22  of  the  clock 
circuit.  Ijjjj  was  channeled,  as  illustrated  in  Figure  042,  and  the  drain- 
to-source  leakage  could  be  pinched  off  by  applying  a negative  voltage  from 
gate  to  source.  The  leakage  would  drift  at  room  temperature.  Application  of 
a positive  gate  voltage  for  a few  minutes  would  cause  to  increase  about 
one  order  or  magnitude  and  negative  gate  voltage  stress  would  cause  to 
decrease  to  within  specification.  These  findings  indicate  that  the  gate  oxide 
contained  highly  mobile  positive  charges.  During  life  test,  zero  volts  had 
been  applied  across  the  gate  oxide  of  N20  and  N22  (their  body,  source,  and 
gates  were  grounded).  Thus,  it  does  not  appear  that  the  charge  accumulation 
resulted  from  conventional  charge  migration  through  the  gate  oxide.  This 
n-channel  transistor  failure  mode  has  been  observed  and  investigated  during 
previous  high-temperature  accelerated  life  tests  conducted  by  this  laboratory 
for  NASA  and  for  RADC.  In  both  instances,  the  instability  was  attributed  to 
moisture  that  had  accumulated  in  the  package  due  to  cracked  glass  seals  [1]  or 
due  to  outgassing  of  epoxy  die  attach  material  [2].  However,  the  Manufacturer 
B 4013  utilizes  eutectic  die  attach  and  leak  tests  of  the  12  parts  disclosed 
that  all  but  two  were  hermetic.  Possibly,  the  Manufacturer  B 4013  had  devel- 
oped the  onset  of  cracks  such  as  those  that  had  occurred  in  the  Manufacturer  B 
4001  and  moisture  was  drawn  into  the  cavity  by  a package  breathing  phenomenon. 


[1]  G.  M.  Johnson,  "Voltage  Stress  Effects  On  Microcircuit  Accelerated  Life 
Test  Failure  Rates",  NASA  Contract  NAS8-31177,  July,  1976. 

[2]  G.  M.  Johnson,  "Evaluation  of  Microcircuit  Accelerated  Test  Techniques", 
RADC-TR-76-218,  July,  1976,  A029757. 
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FIGURE  D42  - I 
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S/N  C54  (250  HRS/250°C) 
CHARACTERISTIC  OF  N20  OF  F/F2 


6.1.2  Random  and  Recovered  Failures  - The  remaining  26  parts  were  leak 

tested  and  baked  as  necessary.  The  results  of  these  tests  are  shown  in  Table 
D12.  The  parts  were  baked  for  24  hours  at  250®C,  then  i^tested.  Any  part 
that  failed  after  this  bake  was  delidded  and  baked  for  72  more  hours  at 
250°C.  The  table  shows  the  final  results  after  all  bakes.  Each  part  was 
delidded  and  microscopic  examination  of  the  interior  and  the  die  disclosed  no 
visible  anomaly  in  any  part.  The  results  of  the  bakes  indicated  that  there 
were  possibly  14  different  failure  patterns  in  the  19  failed  parts  rather  than 
the  original  suspected  ten  categories.  However,  since  the  19  parts  were  not 
analyzed  in  detail,  all  parts  are  shown  in  only  two  failure  categories,  bake 
recoverable  (surface  instability)  and  non-bake  recoverable,  on  the  failure 
summary  tab i os. 

6.2  IjL  FAILURE 

One  Lot  A part  exhibited  excessive  (285  nA)  (all  inputs  together) 
that  was  traced  to  pin  5,  the  data  input  of  F/Fl.  The  leakage  was  caused  by  a 
degraded  input  to  protection  diode,  D3.  D3  displayed  a channeled 
reverse  characteristic,  as  shown  in  Figure  D43,  and  the  leakage  was  recover- 
able. Pin  5 had  been  grounded  during  life  test,  thus,  03  had  been  reverse 
biased.  Therefore,  the  degradation  was  attributed  to  a charge  separation 
mechanism  in  the  fringing  field  of  the  junction  caused  by  ionic  contamination 
in  or  on  the  passivation  layers. 
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TABLE  D12  - RESULTS  OF  THE  LEAK  TESTS  AND  BAKES  OF  THE  26  PARTS 

NOT  AMALVIgD  IN  PETATL ^ 


LEAK  TEST  RESULTS 
(P^PASSED.  F^FAILED) 


S/N 

FINE 

GROSS 

RESULTS  OF  UNPOWERED  BAKES 

A133 

P 

P 

WORSE 

B135 

P 

F 

RECOVERED 

B105 

P 

P 

B121 

P 

F 

C104 

P 

P 

1 

C113 

P 

P 

t 

A225 

P 

P 

RECOVERED 

A183 

P 

P 

WORSE 

B91 

P 

P 

RECOVERED 

B94 

F 

P 

NO  CHANGE 

B142 

P 

P 

RECOVERED 

B154 


RECOVERED 


C75 

B201 

B12^ 

B141 

BlOl 

B153 

B103 


P P NO  CHANGE 

P P NO  CHANGE 

P P RECOVERED 

P P NO  CHANGE 

P F RECOVERED 

P P WORSE 

P F RECOVERED 


i 

T 


B114  P P 

B122  P P 

B151  P F 

C85  P P 


(RECOVERED  AWAITING  ANALYSIS) 


B45 

B34 

C35 


P P (BAKED  AND  RECOVERED  AFTER  STEP  STRESS) 

P P I 

P r I 
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7.0  4017  DECADE  COUNTER/DIVIDER  - MANUFACTURER  D 


7.1  I33  FAILURES 

One  hundred  seventy-nine  (179)  parts  (72  Lot  A,  59  Lot  B,  and  48  Lot  C) 
failed  [14]  (inputs  low)  and/or  [15]  (inputs  high)  during  step- 
stress  and  accelerated  life.  Of  these,  twenty-eight  (28)  parts  had  first 
failed  Vq^2»  '^0L2*  or  -55®C  only,  were  left  on  test, 

and  eventually  failed  at  25“C.  Therefore,  for  purposes  of  statistical 
analysis  and  failure  categorization  these  parts  were  considered  as  25°C 
failures  at  the  time  of  the  25“C  failure. 

Because  the  two  specified  tests  do  not  give  sufficient  information 
about  the  part  to  troubleshoot  or  even  categorize  these  failures,  the 
leakage  of  each  part  was  examined  on  a curve  tracer  while  applying  all  combina- 
tions of  inputs  and  while  manually  stepping  through  a counting  sequence.  The 
results  of  these  tests,  shown  in  Table  D13,  disclosed  that  there  were  15  types 
of  failures  (the  table  lists  only  166  parts  because  9 Lot  C step-stress 
failures  had  been  baked  and  had  recovered  and  because  4 life  test  failures  had 
recovered  while  awaiting  analysis).  These  patterns  were  not  always  clear  cut 
since  many  of  the  parts  displayed  varying  amounts  of  leakage  during  the 
majority  of  combinations  of  input  conditions  and  counts.  Such  parts  were 
listed  according  to  the  pattern  which  showed  the  greatest  amount  of  constant 
leakage.  Because  of  the  complexity  of  the  device,  it  was  evident  that  all  15 
failure  types  could  not  be  fully  investigated  within  the  scope  of  this  program. 
Consequently  only  the  first  six  types  of  failure,  representing  83%  of  the 
total  failures,  were  investigated  in  detail. 

The  4017  consists  of  five  master/slave  flip-flops  (F/FO  through  F/F4) 
connected  as  a Johnson  counter  through  transmission  gates.  It  also  contains  a 
gating  circuit  between  F/Fl  and  F/F2,  a carry-out  inverter,  and  ten  output  NOR 
gates.  The  type  6 failures  showed  excessive  current  only  when  outputs  "0"  and 
"1"  were  high,  which  indicated  that  the  problem  was  located  at  the  "0"  and  "1" 
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FAILURE  OUANTITY  OF  PARTS 

TYPE FAILURE  PATTERN Lot  A loTg  Lot  C 

1 1^5  GREATEST  WITH  0,  1,  2,  3,  4 HIGH  HIGH)  0 5 39 

2 Ijj  GREATEST  WITH  7,  8.  9,  0,  1 HIGH  37  13  0 


3 

GREATEST  WITH  9,  0.  I,  2,  3 HIGH 

5 

1 

0 

4 

1^5  GREATEST  WITH  6,  7,  8,  9.  0 HIGH 

2 

15 

0 

S 

I53  GREATEST  WITH  8,  9,  0,  1,  2 HIGH 

4 

5 

0 

6 

I55  GREATEST  WITH  0 AND  1 HIGH 

12 

11 

0 

7 

I55  GREATEST  WITH  5,  6,  7,  8,  9 HIGH  LOW) 

3 

0 

0 

8 

I55  GREATEST  WITH  1,  2,  3,  4,  5 HIGH 

0 

1 

0 

9 

Ij5  GREATEST  WITH  1 HIGH 

1 

0 

0 

10 

Ijj  GREATEST  WITH  RESET  HIGH 

1 

0 

0 

11 

I55  GREATEST  WITH  CLOCK  HIGH 

1 

1 

0 

12 

GREATEST  WITH  ALL  COMBINATIONS  Of  INPUTS 

0 

1 

0 

13 

OUTPUTS  3 AND  7 DON’T  SWITCH 

0 

1 

0 

14 

COUNT  STOPS  AT  4 

1 

0 

0 

15 

RANDOM  PATTERNS 

_2 

_4 

_0 

69 

56 

39 

output  pins  or  in  their  NOR  gates.  The  other  five  types  of  failure  occurred 
only  during  a specific  counting  sequence.  The  possible  locations  of  the 
leakage  were  determined  from  the  diagnostic  diagram  shown  in  Figure  044.  The 
diagram  contains  the  states  of  the  outputs  of  the  master  and  the  slave  sections 
of  each  flip-flop,  the  output  of  the  inverter,  and  the  output  of  the 
gating  circuit  during  the  counting  sequence.  By  comparing  the  pattern  of 
Ijj  during  counting  to  the  pattern  of  logic  states  in  the  diagram,  the 
suspect  stages  could  be  pin-pointed.  The  type  1 failures  showed  the  greatest 
leakage  when  "0"  through  "4"  were  high,  specifically  during  transitions  listed 
in  Figure  044  beneath  the  diagnostic  diagram.  The  pattern  indicated  that  the 
leakage  was  located  in  the  ^OUT  inverter  or  the  slave  of  F/F4.  The  type 
2 failures  displayed  the  most  leakage  when  "7"  through  "1"  were  high  as 
shown  in  Figure  044,  indicating  that  the  leakage  was  located  in  the  gating 
circuit  or  the  slave  of  F/Fl.  Likewise,  the  types  3,  4 and  5 failures 
were  indicative  of  leakage  in  the  slave  of  F/F3,  the  slave  of  F/FO,  and  the 
slave  of  F/F2,  respectively. 

7.1.1  Type  1 Failures  - Every  Lot  C part  that  failed  during  lot  acceptance 
(39  parts)  and  five  Lot  B parts  exhibited  excessive  due  to  leakage  in 
the  Cq^jj  inverter  or  the  slave  of  F/F4.  The  leakage  was  very  high,  ranging 
into  the  tens  of  mill iamperes.  All  of  the  Lot  C parts  had  exhibited 
and  parametric  failures  at  pin  12  (CQ^y)  due  to  the  high  leakage  and 
this  indicated  that  the  leakage  was  located  in  the  stage  rather  than 
the  F/F4  slave.  Also,  all  of  the  Lot  C parts  exhibited  and  Vq^2 
parametric  failures  at  pin  11  (’’9”)  and  many  of  the  parts  also  exhibited 
excessive  leakage  during  count  "9",  which  indicated  that  the  Lot  C parts  also 
contained  leakage  in  the  pin  11  output  NOR  gate. 
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"""  'TmijmnjiriiirLrL 

01P34567890 

STAGE  

F/FO  - MASTER 

- SLAVE 
F/Fl  - MASTER 

- SLAVE 
F/F2  - MASTER 

- SLAVE 
F/F3  - MASTER 

- SLAVE 
F/F4  - MASTER 

- SLAVE 

inverter 

GATING  CIRCUIT 


FAILURE  JYPE 

(TYPE  1:  XXXXXXXXXX  XX 

TYPE  2:  XXXX  XXXXXXXX 

TYPE  3:  XXXXXXX  XXXX 

TYPE  4:  XX  XXXXXXXXXX 

TYPE  5:  XXXXXX  XXXXXX 


X=I^5  GRKAUST  DURING  THESE  TRANSITIONS 
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H H L L L L L L L L L 
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Analysis  of  these  parts  established  that  the  high  leakage  was  due  to 
excessive  in  N-channel  transistor  N17  of  the  Cq^j  inverter  (all 
parts)  and  N-channel  transistor  N20  of  the  "9"  NOR  gate  (most  of  the  parts). 
Ipss  O'f  and  N20  were  channeled,  as  illustrated  in  Figures  D45  and  D46, 
and  the  drain  to  source  leakage  could  be  pinched  off  by  applying  a negative 
voltage  from  gate  to  source.  In  each  case,  the  leakages  were  bake  recoverable. 
These  findings  indicated  that  the  high  was  due  to  inversion  of  the 
channel  region  caused  by  the  accumulation  of  a net  positive  charge  at  the  gate 
oxide/sil icon  interface.  During  life  test,  the  gate,  drain,  and  source-body 
of  N20  were  low  and  the  gate  and  source-body  of  N17  were  low.  Since  there  was 
no  applied  field  across  the  gate  oxides  of  N20  or  N17,  the  charge  accumulation 
could  not  have  resulted  from  conventional  cation  drift  through  the  gate  oxide. 
An  identical  n-channel  transistor  failure  mode  in  a Manufacturer  0 CMOS  device 
has  been  observed  and  investigated  duriny  a previous  high  temperature  accelera- 
ted life  test  conducted  for  RADC  oy  this  laboratory  LlJ.  In  this  instance, 
the  instability  was  attributed  to  moisture  that  had  accumulated  in  the  package 
due  to  outgassing  of  the  epoxy  die  attach  material  used  by  Manufacturer  0. 

Since  the  Manufacturer  0 4017  also  uses  epoxy  die  attach,  it  is  suspected  that 
these  failures  may  also  have  been  caused  by  outgassing. 

7.1.2  Type  2 Failures  - Thirty-seven  (37;  Lot  A parts  and  thirteen  (13)  Lot  b 
parts  showed  greatest  leakage  duriny  counts  "7"  through  "1"  indicating  that 
the  leakage  was  located  in  the  F/F2  input  gating  circuit  or  the  slave  of  F/Fl. 
Analysis  of  these  parts  established  that  the  leakage  was  due  to  excessive 
I^Ss  in  p-channel  transistor  P26  of  the  gating  circuit.  P2b  exhibited  a 
channeled  reverse  characteristic,  as  illustrated  in  Figure  047,  nominal 
threshold  voltage,  and  the  drain-source  leakage  could  not  be  pinched  off  with 
positive  gate-source  voltage.  These  findings  indicated  that  P2b  contained  a 
degraded  drain  junction.  The  degradation  was  bake  reversible  inuicating  a 


LlJ  (i.  M.  Johnson,  "Voltage  Stress  Lffects  on  Microcircuit  Accelerated  Lite 
Test  Failure  Rates",  NASA  Contract  NASb-31177,  July  ly7o. 
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Vj^_^  S/N  C82  (120  HRS/250°C) 

FIGURE  045  - I...  CHARACTERISTIC  OF  N17_0F_THE_ 
CQyy  INVERTER. 


i 


5/N  C82  (120  HRS/250  C) 

-_l055  CHARACTERISTIC  or  N20  OF  THE 
"9"  OUTPUT  STAGE. 


S/N  A193  (1000  HRS/225°C) 


FIGURE  047  - 1^55  CHARACTERISTIC  OF  P26. 


FIGURE  D48  - EXAMPLE  OF  THE  CONDITION  QF 
THE  DIE  AFTER  PARTIAL  GLASS- 
IVATION  ETCH. 


surface  related  mechanism.  During  life  test,  the  drain  junction  of  P26  was 
reverse  biased  (P26  was  "off”),  thus  the  degradation  was  probably  caused  by 
mobile  ions  in  the  passivation  which  separated  in  the  fringing  field  of  the 
reverse  biased  junction. 

7.1.3  Type  3,4  and  5 Failures  - Eleven  (11)  Lot  A parts  and  twenty-one  (21) 
lot  B parts  exhibited  patterns  that,  in  terms  of  greatest  leakage, 
indicated  that  the  leakage  was  located  in  the  slave  section  of  F/FO,  F/F2,  or 
F/F3.  However,  the  patterns  in  these  parts  were  almost  always  ambiguous  due 
to  overlapping  of  patterns,  and  due  to  the  presence  of  other  leakages  within 
the  part.  For  example,  S/N221  exhibited  the  pattern  shown  in  Table  D14  in  the 
"initial  test"  column.  was  a constant  (30  yA)  during  counts  "6"  through 
"0",  indicative  of  leakage  in  the  slave  of  F/FO.  also  was  appreciable 
and  was  fluctuating  during  counts  "1"  through  "5",  indicating  that  there  were 
several  other  leakage  sices  within  the  circuit.  Also,  the  values 
drifted  with  time  and  applied  bias  of  room  temperature.  The  second  and  third 
columns  (1st  retest  and  2nd  retest)  of  Table  014  shows  the  values  of  of 
S/N  B221  after  two  one-minute  intervals  of  applied  bias.  Because  the  patterns 
were  ambiguous  and  because  they  were  not  repeatable,  it  was  not  possible  to 
externally  pin-point  the  leaky  transistors  or  to  establish  the  component 
values  of  the  leakages  with  any  certainty.  Die  level  probing  of  representative 
samples  of  these  type  failures  to  isolate  the  leakages  was  unsuccessful.  The 
glassivation  layer  on  these  parts  would  etch  unevenly,  as  illustrated  in 
Figure  D48,  and  as  a result  the  glassivation  on  the  interior  of  the  die  was 
removed  before  the  glass  on  the  periphery  of  the  die.  The  transistors  of 
interest  were  located  close  to  the  periphery,  but  before  they  could  be  com- 
pletely exposed  for  probing  the  interior  transistors  were  undercut  and  severely 
degraded  making  quantitative  and  qualitative  investigation  of  impossible. 

It  was  suspected  that  the  uneven  etching  was  caused  by  uneven  distribution  of 
phosphorous  in  the  glassivation,  but  it  is  not  known  whether  the  glassivation 
problem  had  contributed  to  the  failure  of  these  devices.  Because  of  the 
difficultKS  encountered,  this  group  of  failures  was  not  investigated  further. 
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TABLE  D14  - VALUES  OBTAINED  DURING 
CURVE  TRACER  TESTS  OF  S/N  B221 


COUNT 

CLOCK  STATE 

I 

INITIAL 

(microamperes) 
TEST  1st  RETEST 

2nd  RETEST 

0 

H 

30 

• 

• 

L 

30 

- 

- 

1 

H 

20 

200 

250 

L 

8 

150 

200 

2 

H 

18 

160 

210 

L 

5 

no 

150 

3 

H 

18 

150 

180 

L 

5 

100 

130 

4 

H 

18 

130 

150 

L 

4 

80 

100 

5 

H 

15 

50 

70 

L 

2 

10 

20 

6 

H 

30 

160 

180 

L 

30 

130 

140 

7 

H 

30 

200 

220 

L 

30 

180 

200 

8 

H 

30 

240 

250 

L 

30 

200 

230 

9 

H 

30 

250 

280 

L 

30 

230 

260 

0 

H 

30 

300 

300 

L 

30 

300 

340 

All  remaining  parts  were  baked  and  recovered,  thus  these  failures  could  be  at 
least  categorized  as  surface  related  failures. 

7.1.4  Type  6 Failures  - Twelve  (12)  Lot  A and  eleven  (11)  Lot  B parts  exhi- 
bited excessive  whenever  "0“  and  "1"  were  high.  Also,  most  of  these 
parts  exhibited  Vq|^  and  high  failures  and  timing  errors  associated 

with  these  two  outputs  and  other  outputs  as  well.  The  failures  were  traced  to 
high  resistance  shorts  between  adjacent  pins.  Each  part  contained  a resistive 
short  (ranging  from  2K  ohms  to  lOOK  ohms)  between  pin  3 ("0")  and  pin  2 ("1"). 
Some  parts  also  contained  a short  between  pins  12  (Cq^j)  and  13  (Inhibit)  or 
pins  11  ("9")  and  12  or  pins  16  (V^p)  and  1("5"). 

The  shorts  were  caused  by  a trail  of  conductive  dendritic  growth  bridging 
between  the  internal  deposited  package  lead  frames  as  illustrated  in  Figures 
D49  through  D51.  The  growth  was  located  on  the  surface  of  the  ceramic  and 
usually  emanated  from  an  obvious  residue  on  the  edge  of  the  frame.  The  growth 
always  occurred  between  a pin  that  had  been  positively  biased  and  a pin  that 
had  been  grounded  during  life  test  indicative  of  electrolytic  reaction.  SEM 
x-ray  analysis  of  a failure  site.  Figure  D52,  disclosed  that  the  growth  was 
composed  of  nickel  (from  the  lead  frame),  as  shown  in  Figure  D53,  and  that  the 
residue  contained  phosphor'-  is  and  chlorine  as  shown  in  Figure  D54.  These 
findings  indicated  that  a chemical  residue  had  been  left  in  the  package 
during  manufacturing  and  this,  combined  with  the  applied  bias  (and  possible 
moisture  from  oucgassing  of  the  die  attach  epoxy),  caused  an  electrolytic 
reaction  to  occur  that  resulted  in  migration  of  nickel  across  the  surface  of 
the  ceramic. 

7.1.5  Type  7 Through  15  Failures  (Not  Analyzed  in  Detail)  - These  17  parts 
were  baked  and  of  all  but  one  part  recovered.  Fine  and  gross  leak  tests 
of  the  parts  disclosed  no  loss  of  hemieticity  in  any  part.  These  17  bake 
recoverable  parts,  along  with  the  4 life  test  failures  that  had  recovered 
while  awaiting  analysis,  are  listed  together  as  surface-related  failures  on 
the  analysis  sunmaries. 
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j 19X  S/N  A72  (500  HRS/250°C) 

I FIGURE  049  - INTERJ0R_0F  THE  PACKAGE  SHOWING  DENDRITE 

I growth  i^)  beIween  PINS_2  ANDJ_AND 

I BETWEEN  PINS  12  AND'  13,  THE  RESIDUJ  M. 

PINS  3 AND  12  (B)^  AND  JHE  BIAS  ON  EACH 
PIN  DURING  LIFE  TEST.  1+  = +15  V'OLtS_^ 
-=  GROUND). 


I 


I 


S/N  A72  (500  HRS/250°C) 
CLOSE-UP  OF  THE  GROWTH  BETWEEN  PINS  12 


256X  S/N  A72  (500  HRS/250°C) 

FIGURE  051  - CLOSE-UP  OF  THE  GROWTH  BETWEEN  PINS  2 


FIGURE  D53  - X-RAY  SPECTRUM  OF  THE  DENDRITE 
GROWTH  (AREA  "A"  OF  FIGURE  D52). 
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(20  nA/DIV. 


FIGURE  D54  - X-RAY  SPECTRUM  OF  THE  RESIDIIF 
(M.EA I " OF  FIGURE  D5 2 } ^ 
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Vj^  (2  VOLTS/DIV.)  S/N  A273  (260°C  STEP) 

^GURE  D55  - EXAMPLE  OF  PIN  13  I ^ I-V  CHARAC- 
TERISTIC,   
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7.2  [1]  FAILURES  > DAMAGED  INPUT  DIODE 

Eight  (8)  Lot  A parts  and  fourteen  (14)  Lot  B parts  failed  due  to 
excessive  Ij^^  [1]  current  at  pin  13,  the  clock  inhibit,  during  step-stress 
and  accelerated  life.  The  failed  values  ranged  from  17  nA  to  13  yA.  The 
leakage  was  always  exponential,  as  illustrated  in  Figure  D55,  and  was  not  bake 
recoverable,  which  was  indicative  of  a bulk-related  mechanism.  The  leakage 
was  traced  to  a degraded  input  protection  diode,  D6,  between  pin  13  and 
Vjj.  In  instances  where  the  leakage  was  in  the  nanoampere  range,  the 
diode  contained  no  discernible  damage  or  defect  as  illustrated  in  Figure  D56. 
In  instances  where  the  leakage  was  in  the  microampere  range,  the  diode  con- 
tained visibly  burned  or  swollen  metallization  at  the  cathode  ohmic  contact  as 
illustrated  in  Figure  D57.  The  damage  indicated  that  the  degradation  was 
caused  by  excessive  current  through  D6.  During  life  test,  pin  13  and 
were  connected  to  ground,  thus  no  current  should  have  flowed  through  D6  at 
elevated  temperature.  However,  the  other  two  inputs,  pins  14  and  15,  were 
connected  to  (+15  volts)  during  life  test  and  in  no  instance  did  a pin 
14  or  a pin  15  sustain  any  damage.  This  suggested  that  the  damage  was 
related  to  life  test  conditions  and  not  the  result  of  an  external  overstress 
that  occurred  during  handling  or  testing  of  the  parts.  A possible  explana- 
tion was  that  the  external  connection  between  the  lead  and  ground  opened 
at  elevated  termperature.  With  open,  the  entire  device  current  would  flow 
to  ground  via  D6  and  pin  13.  Experiments  disclosed  that  the  device  current 
under  these  conditions  (open  and  elevated  temperature)  was  excessive  (due 
to  a latch-up  effect)  and  of  sufficient  magnitude  to  damage  D6.  Continuity 
checks  of  the  life  test  chassis  disclosed  open  solder  joints  associated 
with  the  parts  that  had  failed  Ij^  [1],  thus  confirming  the  suspected  cause  of 
failure. 
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490X 

FIGURE  D56  - 


S/N  AE73  (260°C  STEP) 
DIODE  D6  (ARROW)  AFTER  SI!. ICON  ETCH. 


256X 

FIGURE  D57 


EXAMPLE  OF  DAMAGFO 
(ARROW!. 


S/N  B162  (250  HRS/225’C) 
-D.$  cathode  ohmic  contact 
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7.3  IjL  failures  - CHANNELED  INPUT  DIODE 

One  Lot  A and  one  Lot  B part  failed  due  to  excessive  Ijj^  [4]  current 
(22  nA  and  47  nA,  respectively)  at  pin  13  during  225®C  life.  The  leakage  was 
channeled  and  bake  recoverable  indicative  of  a surface  instability  mechanism. 
During  life  test,  pin  13  was  grounded,  which  reverse  biased  the  input  diodes 
to  Vpp,  D4  and  D5.  Therefore,  the  degradation  was  attributed  to  ionic 
contamination  in  the  passivation  which  separated  in  the  fringing  field  of  the 
reverse  biased  junction  and  Inverted  the  underlying  silicon. 


8.0  4017  DECADE  COUNTER/DIVIDER  - MANUFACTURER  A 


8.1  OR  Vq^2  failures  - PIN-PIN  SHORTS  (Pb  PRECIPITATION) 

During  accelerated  life,  thirteen  (13)  Lot  A and  ten  (10)  Lot  B parts 
failed  1^^,  Ij^^,  Ij^^,  oi^  Vg^2  resistance  (kilohn  to 

megohm),  sometimes  intermittent,  shorts  between  adjacent  package  leads.  A 
complete  summary  of  the  location  of  the  short  in  each  part  and  the  resultant 
parametric  failures  is  presented  in  Table  D15.  Eleven  parts  contained  a short 
between  pin  13  (clock  enable)  and  pin  14  (clock).  The  pins  13-14  shorts 
resulted  in  Ij^  [1]  and  [2]  failures,  ranging  from  33  nA  to  1 mA, 


‘IH 


since  one  pin  is  connected  to  Vgg  and  the  other  to  during  measurement 
of  Ijj^.  Two  parts  contained  a short  between  pin  12  (Cgg-j-)  and  pin  13. 

The  pins  12-13  shorts  resulted  in  1^^^  [4]  failures,  14  and  39  nA,  since  pin 

13  is  connected  to  and  pin  12  is  high  during  measurement  of  Ij^^  [4]. 

Ten  parts  contained  a short  between  pin  9 (count  "8")  and  pin  8 (V^^).  The 
pins  9-8  shorts  resulted  in  Vg^2  lures  at  pin  9,  ranging  from  14.977  to 

14.642  volts,  because  the  short  loaded  the  output  durinn  measurenent  of 
Voh2*  The  shorts  resulted  in  1^^  [14]  (all  inputs  lew)  failures,  ranging 
from  25  to  469  nA,  because  pin  9 may  be  high  during  measurement  of  I^^  [14] 

(low).  The  shorts  were  traced  to  lateral  trails  of  conductive  dendrite 

growth  in  the  glass  seal,  bridging  between  adjacent  package  pins  as  illustrated 
in  Figure  D58.  The  growth  was  identical  to  that  which  occurred  in  the  Manufac- 
turer A 4001  package  and  was  attributed  to  Pb  reduction  and  precipitation  as 
described  in  Section  3.3.  The  Manufacturer  A 4017  package  is  identical  to  the 
4001  package,  therefore,  the  4017  failures  were  likewise  attributed  to  Pb 
dendrite  growth. 


8.2  Vg^2  failures  - CATION  DRIFT 

Seven  (7)  Lot  A parts  and  one  (1)  Lot  B part  failed  Vg^2  pin  1 (3 
parts),  pin  3 (1  part),  pin  6 (3  parts),  or  pin  7 (1  part)  during  accelerated 
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LOT/TEMP 

A-225“C 


TIME  OF 
FAILURE 


FAILED  PARAMETERS 
IlH  [1]'anD  I,„  [2] 


LOCATION  OF  SHORT 
PIN  13  TO  PIN  14 


B-250“C 

B34 

3000 

B-225“C 

B234 

1000 

B204 

2000 

B244 

2000 

B2II 

4000 

1 

B23I 

B232 

B-250"C 

B124 

3000 

B-225»C 

B24I 

2000 

A.250"C 

A33 

2000 

A7I 

3000 

A9I 

A92 

AI22 

A203 

2000 

A231 

B-?SO"C 

B131 

3000 

A-2bO°C 

A43 

1000 

A93 

2000 

■m  ri] 

'1H.C23 


Vq^(PIN  9)  AND  Ij5  [14] 
V„„,(PIN  9) 


PIN  13  TO  PIN  12 

I 


PIN  9 TO  PIN  8 


Voh2(PIN  9)  and  Ijs  (INPUTS  LOW) 
Voh2(PIN  9) 


I55  [14]  and  I55  [15] 

■ss 


PIN  9 TO  PIN  8 


40X  S/N  A203  (2000  HRS/225°C) 

FIGURE  D58  - CROSS-SECTION  OF  THE  PACKAGE  SHOWING  THE 
DENDRITE  GROWTH  (ARROW)  BETWEEN  PJNS  8 
AND  9. 


^DRAIN- SOURCE  ^'^GS  ' HRS/250°C) 

FIGURE  D59  - EXAMPLE  OF  A CHANNELED  I^^^  CHAR- 
ACTERISTIC OF  N19  OF  PlfM. 
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life.  The  failed  values  ranged  from  14.987  to  14.120  volts.  The  low  Vq^^2 
was  traced  to  loading  of  the  output  caused  by  excessive  leakage  (7  wA  to  2.3 
mA)  in  the  n-channel  output  transistor,  N19,  that  is  off  during  the  Vgj^2 
test.  N19  displayed  a channeled  characteristic,  as  illustrated  in 
Figure  D59,  and  the  leakage  was  bake  recoverable,  indicative  of  a surface 
related  mechanism.  In  most  instances,  the  drain-source  leakage  could  be 
pinched  off  by  the  application  of  negative  gate-source  voltage.  This  indicated 
that  the  leakage  was  due  to  inversion  of  the  channel  caused  by  the  accumula- 
tion of  a net  positive  charge  at  the  gate  oxide/silicon  interface.  During 
life  test  the  pins  1,  6,  and  7 N19  transistors  were  "on"  ("5",  “7",  and  "3" 
were  low),  thus  the  charge  accuiriuldtion  in  these  transistors  was  probably 
caused  by  cation  drift  through  the  gate  oxides.  The  pin  3 N19  transistor 
was  "off"  during  life  test  ("0"  was  high),  thus  the  failure  ot  this  transistor 
was  probably  caused  by  charge  separation  in  the  fringing  field  of  the  reverse 
biased  drain  junction. 

8.3  MISCELLANEOUS  FAILURES  - SURFACE  INSTABILITY 

Twelve  (12)  Lot  A,  one  (1)  Lot  B,  and  one  (1)  Lot  C parts  failed  1^^ 

[14]  and/or  [15]  during  step-stress  or  life  test  due  to  surface  related 
mechanisms.  The  results  of  curve  tracer  troubleshooting  of  these  14  parts,  in 
the  manner  described  in  Section  8.1.0,  is  presented  in  Table  D16.  The  step- 
stress  failure  had  been  baked  and  had  recovered,  and  4 parts  had  recovered 
while  awaiting  analysis.  The  other  9 parts  exhibited  8 different  types  of 
failures;  consequently,  these  9 random  failures  were  not  analyzed  in  detail. 

All  9 parts  were  baked  and  every  part  recovered.  Fine  and  gross  leak  tests  of 
these  parts  disclosed  no  loss  of  hermeticity  and  microscopic  examination  of 
their  interiors  revealed  no  discrepancy.  Thus,  these  14  failures  were  classi- 
fied as  surface  related  and  the  exact  failure  mode,  mechanism  and  cause  was 
not  established. 
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T/.RLE  D16  - RESULTS  OF  CURVE  TRACER  TROUBLESHOOTING  OF 
THE  1.3  FAILURET 


FAILURE  PATTERN 

Ijj  GREATEST  WITH  7.  8.  9.  0.  OR  1 HIGH 
2.  3,  4,  5.  OR  6 HIGH 
6,  7,  8,  9,  OR  0 HIGH 
0.  1,  2.  3.  4,  6,  7,  8.  OR  9 HIGH 
9.  0,  1,  OR  2 HIGH* 

ANT  OUTPUT  HIGH 
RESET  HIGH 
RESET  LOW 

Ij5  RECOVEREO  WHILE  AWAITING  ANALYSIS 

Ijj  RECOVEREO  AFTER  BAKING 


DUANTITY  OF  PARTS 


QUA 

CSTT LOT  6 LOT  C 

■STEP-sTft£Sr'250'’C  'SSS'C  "125*C 


0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 


0 

0 

1 

0 

1 

1 

0 

I 

1 

0 

5 


0 

0 

0 

0 

0 

1 

I 

0 

3 

0 

s 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 


0 

1 

0 

0 

0 

0 

0 


*COUNT  8 IS  STUCK  HIGH  DURING  THESE  COUNTS 


9.0  4008  FOUR  BIT  FULL  ADDER  - MANUFACTURER  D 


9.1  FAILURES 

One  hundred-fourteen  (114)  parts  (58  Lot  A,  54  Lot  B,  and  2 Lot  C)  failed 
due  to  excessive  1^^  during  accelerated  life  and  lot  acceptance.  Each  part 
failed  from  2 to  28  of  the  specified  28  I^^  tests,  and  there  were  no  distinct 
patterns  by  which  to  categorize  the  failures.  The  28  1^^  tests  were  of  no 
use  in  troubleshooting  the  parts  to  isolate  the  leakage  to  a specific  transis- 
tor(s)  within  the  part.  This  was  because  the  4008  contains  nine  inputs  and 

Q 

therefore  a total  of  512  (2  ) combinations  of  inputs  conditions  would  be 
necessary  to  completely  isolate  any  leakage  in  the  part.  The  specified  1^^ 
tests  represent  only  a random  selection  of  28  of  these  combinations.  Examina- 
tion of  all  28  Ijj  values  (both  failed  and  unfailed)  of  each  part  revealed 
that  all  28  values  were  either  failed  or  high  in  91%  (104/114)  of  the  parts. 
This  meant  that  most  of  the  parts  either  contained  a leaky  p-well  junction  or 
contained  multiple  leaky  transistors  (or  both).  To  determine  if  the  parts 
could  possibly  contaii;  a single  common  failure  mode,  five  parts  failing  all  28 
tests  were  selected  and  their  p-well  junctions  were  evaluated.  The 
Manufacturer  D 4008  contains  three  p-well  diffusions.  The  diffusions  were 
isolated,  probed,  and  measured  in  each  part.  Two  of  the  parts  each  contained 
one  degraded  p-well  that  accounted  for  the  1^^  failures  displayed  by  each 
part.  The  reverse  I-V  characteristic  of  the  p-wells  was  channeled,  as 
illustrated  in  Figure  D60,  and  was  bake  recoverable  indicative  of  a surface 
related  mechanism.  The  other  three  parts  contained  no  p-well  leakage  and  this 
indicated  that  the  excessive  was  due  to  multiple  leaky  circuit  transis- 
tors. There  was  no  way  to  determine  externally  which  of  the  five  parts 
contained  a leaky  p-well  and  which  did  not.  Consequently,  the  failure  cate- 
gorization and  failure  modes  of  these  parts  could  only  be  established  by  die 
level  probing  of  every  part.  This  would  be  impractical  in  the  case  of  parts 
with  multiple  leaky  transistors  since  the  Manufacturer  D 4008  contains  168 
transistors  and  external  cests  could  not  establish  which  transistors  were 
leaky.  Therefore,  the  remaining  parts  were  not  analyzed  in  detail.  All  parts 


D88 


S/ri  An 2 (64  HRS/225°C) 


FIGURE  D60  - EXAMPLE  OF  THE  REVERSE  I-V 

CHARACTERISTICS  OF  A DEGRADED 
P-WELL  JUNCTION. 


- 2 VOLTS/DIV  S/N  B33  (200  X STEP) 
FIGURE  D61  - I-V  CHARACTER  1 ST iC  OF 


PIN  7 (L/H  TRACE)  AND 
PIN  15  (R/H  TRACE). 


were  baked  ana  in  each  part  recovered,  therefore  all  114  failures 
were  classified  as  surface  instability  failures. 

9.2  FAILURES  - DAMAGED  INPUT  DIODE 

Duriny  the  tests  17  parts  (7  Lot  A,  9 Lot  B,  and  1 Lot  C)  failed  due  to 
excessive  ( all  inputs  toyether  ) that  was  not  bake  reversible. 
Troubleshooting  disclosed  that  each  part  contained  one  to  three  degraded 
inputs.  One  part  contained  a degraded  pin  b,  six  a degraded  pin  6,  seventeen 
a degraded  pin  7,  and  four  a degraded  pin  15.  The  leakage  was  always  exponen- 
tial, as  illustrated  in  Figure  D61,  and  ranged  from  15  to  6500  nanoaniperes. 

The  leakage  was  traced  to  a degraded  input-to-V^^  protection  diode.  Eacli 
input  of  the  Manufacturer  D 4008  device  contains  two  input-to-Vj^^  diodes, 
one  on  either  side  of  the  input  series  resistor.  In  each  instance,  only  the 
diode  connected  directly  to  the  input  pin  (018,  D21,  D24  or  L)3)  was  degraded. 
Examinations  of  the  diodes  disclosed  no  bulk  damage,  as  illustrated  in  Figure 
062.  During  life  test,  pins  5,  6,  7,  15,  and  were  connected  to  ground, 
consequently  no  bias  was  applied  across  the  diodes  v;hich  had  degraded  and  no 
current  should  have  flowed  through  the  diodes  at  elevated  temperature.  The 
absence  of  obvious  damage  and  the  fact  that  the  diodes  which  had  failed  had 
had  zero  applied  bias  suggested  that  the  degradation  iiiiylit  have  been  due  to 
static  discharge  duriny  handling  or  electrical  transients  during  testing. 
However,  the  other  five  inputs  of  the  device,  pins  1,  2,  3,  4 and  9 were 
connected  to  (+15  volts)  duriny  life  test  and  no  instance  of  this  type  of 
degradation  occurred  at  one  of  these  inputs.  This  indicated  that  the  degra- 
dation was  related  to  the  life  test  conditions  and  not  the  result  of  an 
external  overstress.  A possible  explanation  was  that  the  external  connection 
between  tlie  lead  and  ground  hao  opened  at  elevated  temperature.  With 
open,  the  entire  device  current  would  flow  to  ground  by  forward  biasing 
the  input  diodes  of  the  grounded  inputs.  Experiments  showed  that  tlie  device 
current  at  elevated  temperature  was  excessive  with  open  (due  to  a 
latch-up  effect)  and  of  sufficient  magnitude  to  degrade  the  input  diooes  not 
protected  by  the  series  resistor  (those  connected  directly  to  the  input). 


090 


490X  S/N  B114  (250  HRS/225°C) 

FIGURE  D62  - P-N  JUNCTION  (ARROW)  OF  THE  DtGRADED 
PIN  7-TO-VSS  INPUT  DIODE 
(DELINEATED  BY  SILICON  ETCH). 
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Continuity  checks  of  the  life  test  chassis  disclosed  instances  of  open 
solder  Joints  associated  with  the  parts  that  contained  a degraded  pin  5,  6,  7 
or  15  input,  which  substantiated  the  hypothesis. 

9.3  FAILURE  - CHANNELED  INPUT  DIODE 

During  accelerated  life  and  lot  acceptance,  11  parts  (4  lot  A,  4 Lot  B, 
and  3 Lot  C)  failed  due  to  excessive  Ij^^  (all  inputs  together)  and  2 parts 
(1  Lot  B and  1 Lot  C)  failed  due  to  excessive  Ij,j  (all  inputs  together) 
that  were  bake  reversible.  Troubleshooting  established  that  each  part  failing 
1 1^1  contained  one  degraded  input.  One  part  contained  a degraded  pin  1, 
three  contained  a degraded  pin  2,  two  contained  a degraded  pin  3,  two  contained 
a degraded  pin  4,  and  one  contained  a degraded  pin  9 (two  parts  had  recovered 
while  awaiting  analysis).  Of  the  parts  failing  Ij^i*  contained  a 
degraded  pin  6,  the  other  a degraded  pin  7.  The  leakage  was  always  channeled 
and  ranged  from  10  to  370  nanoaniperes.  The  leakage  was  traced  to  channeled 
input  protection  diodes  between  the  input  and  in  the  1^^  failures  and 
between  the  input  and  in  the  Ijj^  failures.  During  life,  pins  1,  2,  3, 

4 and  9 were  connected  to  which  reverse  biased  the  input-to-Vj-j^ 
diodes.  Pins  5 and  6 were  grounded  which  reverse  biased  the  input-to-V^p 
diodes.  Therefore  the  reversible  degradation  was  attributed  to  charge  separa- 
tion in  the  fringing  field  of  the  reverse  biased  junctions  caused  by  the 
presence  of  ionic  contamination  in  or  on  the  passivation  layers. 
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10.0  4008  FOUR  BIT  FULL  ADDER  - MANUFACATURER  C 


10.1  FAILURES  - SURFACE  INSTABILITY 

During  accelerated  life  and  lot  acceptance,  thirty-five  (35)  parts  (26 
Lot  A,  8 Lot  B,  and  1 Lot  C)  failed  due  to  excessive  I^^.  Each  part  failed 
3 to  28  of  the  28  specified  I^^  parametric  tests.  The  28  specifiea  tests 
were  of  no  use  in  troubleshooting  or  categorizing  these  failures,  but  the 
pattern  of  failure  in  each  part  dia  indicate  that  it  would  be  possible  to 
troubleshoot  these  failures  to  some  extent  if  an  appropriate  method  were 
developed. 


The  40U8  contains  four  full  adder  stages  (F.A.  1 through  F.A.  4)  and  a 
high  speed  parallel  carry-out  circuit.  By  evaluating  the  leakage  of  each  part 
on  a curve  tracer  using  the  sequence  siiown  in  Table  D17,  the  leakage  could  be 
isolated  to  a particular  stage  of  the  device  and  then  narrowed  down  to  a few 
suspect  transistors  when  the  device  contained  a single  leaky  transistor  or 
contained  one  transistor  with  leakage  appreciably  greater  that)  the  leakage  of 
any  other  transistor.  Tests  1 tlirough  26  were  used  to  oeteniiine  if  tlie 
leakage  was  located  in  one  of  the  full  adders.  If  the  leakage  was  locateo  in 
a full  adder  the  suspect  transistor(s)  could  be  detenained  oy  evaluating  the 
pattern  of  leakage  using  the  diagnostic  matrix  shown  in  Figure  D63.  The 
explanation  of  the  uiagnostic  matrix  is  sii.iilar  to  that  for  the  4013  matrix 
discussed  in  section  b.l.  If  a failure,  originally  detected  in  a full  adder, 
did  not  match  a pattern  shown  in  the  matrix  or  if  no  leakage  were  oetected  in 
any  full  adder  the  high  speed  parallel  carry  circuit  was  investigated.  Tests 
27  through  4U  were  perfon.ied  to  deterinine  the  location  of  leakage  in  trie  high 
speed  parallel  carry  circuit. 

The  results  of  curve  tracer  uiagnostic  tests  of  the  3b  parts  are  shown  in 
Table  018.  Seven  parts  liad  recovered  while  awaiting  analysis  and  two  parts 
containeo  iiiultiple  random  leakages,  all  of  similar  value,  which  coulu  not  be 
deciphereu.  The  other  26  parts  exhibited  ten  types  of  failure  indicating  a 
variety  of  possible  probleias.  To  completely  categorize  these  failures  iiiost  of 
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TABLE  D17  INPUT  LOGIC  STATES  FOR  THE  I..  DIAGNOSTIC  TESTS 


INPUT  LOGIC  STATES 

®4  ^3  ®3  ^ ®2  ^IN 


TEST  NO. 


POSSIBLE  LEAKY  TRANSISTORS  OR  STAGES 


1 

2 

3 

4 

5 

6 
7 


35 

36 

37 

38 

39 

40 


0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
1 0 1 
1 0 1 
1 0 1 
1 0 1 
1 0 1 
1 0 1 
1 1 0 
1 0 1 
1 0 1 
1 0 0 
0 0 1 
0 0 0 
1 0 1 
0 0 1 


0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 1 1 
0 0 0 
0 1 1 
1 0 0 
1 1 1 
0 0 0 
1 0 0 
0 0 0 
1 0 0 
0 0 0 
1 0 0 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 1 1 
0 0 0 
0 1 0 
0 0 0 
0 1 0 
0 1 0 
0 0 0 
0 0 0 
1 1 1 


0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
1 1 0 
0 0 0 
1 1 0 
0 0 0 
1 1 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 0 
1 0 0 
1 1 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
1 0 0 
1 0 0 
1 0 1 
0 0 1 
1 1 1 


F.  A.  #1 


F.  A.  #2 


F.  A.  #3 


F.  A,  #4 


N'20hN21+N22+N23+N24+N26+N27+N28 

N18-M9*N20+N?1+N?2*N23+P24+P25+P26+P27 

N?<+N26+N20+N2HN?2*N23+P18»(P17+P19) 

N24+N'26*N27»N29+P18+P20 

N24«N30»N26+P18 

N24^N3C»;N26tN25»N27)+P2C+P18 

N25+P18 

P?0iP25<r30+P?9«lV8«-N18 

P21tP?5iP3C+P20il'27»P2E*N18 

P?2tP25^P2C»{PP9tP?8)+N18 

P23trrbiP2>{P30i,VO<r,-S)+N18 

P?5'P2''»P3PiM7+N18 

P25^p>o^r2'7tP2;•p^^,ll'.::‘lv''ltNlS•^Nl7 

P24iPPS<P?3»N17tN18 
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STATES 

Sj 

0 

0 

1 

1 

0 

0 

1 

1 

*1 

0 

0 

0 

0 

1 
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PI 
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P2 

N1 

' 

LEAKY  TRANSISTOR 
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NTN2 

P3 

P4 

i 

P3-P4 

\ *■ 

N3 

N4 

PS 

X* 

NS 

P 

P 

r 

PSP:’ 

N6 

N7 

P8 

NS 

P9 

PlO 

, , , 

P9P10 

NIC 

pn 

Nil 

... 

PI  2 

N12 

P14 

N14 

P13 

N13 

PIS 

N9 

•NOT  val;d  for  full  adder  4 


FIGURE  D63.  I55  DIAGNOSTIC  MATRIX  FOR  A FULL  ADDER 


D95 


TABLE  D18  - RESULTS 


POSSIBLE  LEAKY  TRANSISTORS 
N6,  N7,  N9,  P8.  OR  P15 

N14 

Pll 

P9,  P19  or  Nil 
N3,  N4,  or  P7 
N1  or  P3 
P14 

N20,  N71,  H2Z,  or  N23 

N24  and/or  N27 

N17 

P-WELL  JUNCTION 
MULTIPLE  RANDOM 
RECOVERED 
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the  parts  would  have  to  be  individually  probed  and  analyzed  which  was  impracti- 
cal. Consequently  only  representative  examples  were  analyzed  in  detail.  All 
other  parts  were  baked  and  recovered.  Analysis  of  the  representative  samples 
disclosed  that  the  most  common  cause  of  the  high  was  excessive  in 
an  n-channel  transistor  that  was  "off"  during  life  test.  Five  of  eight  parts 
investigated  contained  this  failure  mode.  For  example,  S/N  A234  failed  14  of 
the  28  specified  parametric  tests  (about  80  uA  each)  after  1000  hours  at 
250"C.  Curve  tracer  tests  disclosed  a leakage  of  36  yA  (partial  recovery  had 
ocurred)  and  external  troubleshooting  indicated  that  the  leakage  was  caused  by 
a leaky  P9,  PIO,  or  Nil  in  F.A.  1.  Die  level  probing  of  these  transistors 
established  that  all  of  the  leakage  was  confined  to  Nil,  the  n-channel  output 
transistor  of  F.A.  1.  1^^^  of  Nil  was  channeled,  as  shown  in  Figure  064, 
and  recovered  when  the  part  was  baked.  During  life  test  Nil  was  off  (the 
output  of  F.A.  1 was  high)  which  reverse  biased  the  drain  junction  of  Nil. 
Therefore,  the  degradation  was  probably  due  to  charge  separation  in  the 
fringing  field  of  the  reverse  biased  junctions  caused  by  ionic  contaminaton  in 
or  on  the  passivation.  Of  the  other  three  parts  investigated,  one  contained 
excessive  in  an  n-channel  transistor  that  had  been  "on"  during  life 
test,  one  containd  a degraded  p-well  junction,  and  one  recovered  upon  delidding. 


10.2  1^3  OR  FAILURES  - PIN-HEADER  SHORTS  (Pb  Precipitation) 

During  accelerated  life,  8 Lot  A and  7 Lot  B parts  failed  1^^,  Vq^2» 
^IHl’  ^ILl  due  to  high  resistance  shorts  (kilohm  to  megohm)  between 
pins  or  between  a pin  and  the  header  (V^^).  A complete  summary  of  the 
location  of  the  short  in  each  part  and  the  resultant  parametric  failure  is 
presented  in  Table  D19.  The  shorts  were  traced  to  trails  of  Pb  dendrite 
growth  in  the  glass  seal  bridging  between  adjacent  package  leads  or  between  a 
package  lead  and  the  header.  This  is  the  same  mechanism  that  occurred  in  the 
Manufacturer  A 4001  and  4017  and  the  Manufacturer  C 4013  packages. 


10.3  Ij^j  OR  Ij|_j  FAILURE  - CHANNELED  INPUT  DIODE 

During  125°C  life,  one  Lot  A part  failed  Ijj^^  (38  nA) 
part  failed  Ij^^  (29  nA)  traced  to  a degraded  input  diode, 
contained  a degraded  pin  5 input- to- Vpp  diode  (D3)  and  the 


and  one  Lot  B 
The  Lot  A part 
Lot  B part 


U"f  iWi-- - ••  ■■  iiafy  rtnnfifiTi  - — -• 


Win -SOURCE  HRS/250°C) 

FIGURE  D64  - I-V  CHARACTERISTIC  OF  Nil. 


Vp  = 2 VOLTS/DIV  S/N  A294  (4000  HRS/125°C) 

FJ GJM  D65  - REVERSE  I-V  CHARACTERISTIC  OF  THE 
PIN  5 INPUT-TO-Vnn  DIODE  (03). 


TABLE  D19  - SUMMARY  OF  FAILURE  DUE  TO  PIN-HEADER  SHORTS 


i 


r 


I 


CELL 

S/N 

TIME  OF 
FAILURE 

FAILED 

PARAMLTER(S) 

LOCATION  OF  SHORT 

A-250“C 

A163 

500  HRS 

'iLl 

PIN  5 TO  HEADER 

A-225-C 

A71 

20 

GO 

'iLl 

PIN  15  TO  1 

HEADER 

A73 

PIN  15 

A141 

PIN  5 

A81 

’ 

PIN  5 

A63 

40 

00 

PIN  15 

A83 

PIN  5 

A142 

PIN  6 

B-250'C 

B2U 

250 

'iLl 

PIN  15  TO  HEADER 

B-225'C 

B103 

4000 

’iLl 

PIN  15  TO 

HEADER 

B-BSO'C 

B171 

4000 

1 

^ss' 

' ’iHl 

PIN  7 TO  HEADER 

B151 

'ss*  ’iHl 

• * ''0H2 

PINS  13  A 

15  TO  1 

B-22b‘C 

B63 

1000 

■ss,' 

' ’iHl 

PIN  7 TO  HEADER 

B93 

2000 

' ’'0H2 

PINS  n & 

1 

15  TO  1 

B34 

4000 

I V 

Ss’  OHc* 

‘iHl  * ’iLl 

i 

D99 


contained  a degraded  pin  9 1nput-to-V^^  diode  (D18).  in  each  Instance  the 
leakage  was  channeled,  as  Illustrated  In  Figure  D65,  and  bake  recoverable. 
During  life  testing,  pin  5 was  grounded  which  reverse  biased  D3,  and  pin  9 was 
connected  to  which  reverse  biased  D18.  Therefore,  the  aegradatlon  was 
attributed  to  charge  separation  In  the  fringing  field  of  the  reverse  biased 
junction  caused  by  Ionic  contamination  In  or  on  the  passivation  layers. 
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MAi^UFACTURER  CODES 


Manufacturer  Code 

Motorola  A 

Solid  State  Scientific  B 

National  C 

RCA  D 
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